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THE MARINE BIOLOGICAL LABORATORY. 


Il. ACT OF INCORPORATION. 


No. 3170. 


COMMONWEALTH OF MASSACHUSETTS. 


Be It Known, That whereas Alpheus Hyatt, William Sanford 
Stevens, William T. Sedgwick, Edward G. Gardiner, Susan Minns, 
Charles Sedgwick Minot, Samuel Wells, William G. Farlow, Anna D. 
Phillips and B. H. Van Vleck have associated themselves with the 
intention of forming a Corporation under the name of the Marine 


Biological Laboratory, for the purpose of establishing and maintaining 


a laboratory or station for scientific study and investigation, and a 
school for instruction in biology and natural history, and have com- 
plied with the provisions of the statutes of this Commonwealth in 
such case made and provided, as appears from the certificate of the 
President, Treasurer, and Trustees of said Corporation, duly approved 
by the Commissioner of Corporations, and recorded in this office; 

Now, therefore, I, Henry B. Pierce, Secretary of the Common- 
wealth of Massachusetts, do hereby certify that said A. Hyatt, W. S. 
Stevens, W. T. Sedgwick, E. G. Gardiner, S. Minns, C. S. Minot, S. 
Wells, W. G. Farlow, A. D. Phillips, and B. H. Van Vleck, their asso- 
ciates and successors, are legally organized and established as, and are 
hereby made, an existing Corporation, under the name of the MARINE 
BrotocicAL Laporatory, with the powers, rights, and privileges, and 
subject to the limitations, duties, and restrictions, which by law apper- 
tain thereto. 

Witness my official signature hereunto subscribed, and the seal of 
the Commonwealth of Massachusetts hereunto affixed, this twentieth 
day of March, in the year of our Lorp ONE Tuousanp, E1cut Hun- 
DRED and Er1Guty-EIGur. HENRY B. PIERCE, 

[SEAL. ] Secretary of the Commonwealth. 


Ill. BY-LAWS OF THE CORPORATION OF THE 
MARINE BIOLOGICAL LABORATORY. 


I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 12 
o'clock noon, in each year, and at such meeting the members shall 
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choose by ballot a Treasurer and a Clerk, who shall be, ex officio, 
members of the Board of Trustees, and Trustees as hereinafter pro- 
vided. At the annual meeting to be held in 1897, not more than 
twenty-four Trustees shall be chosen, who shall be divided into four 
classes, to serve one, two, three, and four years, respectively, and 
thereafter not more than eight Trustees. shall be chosen annually for 
the term of four years. These officers shall hold their respective 
offices until others are chosen and qualified in their stead. The Direc- 
tor and Assistant Director, who shall be chosen by the Trustees, shall 
also be Trustees, ex officio. 

II. Special meetings of the members may be called by the Trustees, 
to be held in Boston or in Woods Hole at such time and place as may 
be designated. 

III. The Clerk shall give notice of meetings of the members by 
publication in some daily newspaper published in Boston at least 
fifteen days before such meeting, and in case of a special meeting 
the notice shall state the purpose for which it is called. 

IV. Twenty-five members shall constitute a quorum at any meeting. 

V. The Trustees shall have the control and management of the 
affairs of the Corporation; they shall present a report of its condition 
at every annual meeting; they shall elect one of their number Presi- 
dent and may choose such other officers and agents as they may think 
best; they may fix the compensation and define the duties of all the 
officers and agents; and may remove them, or any of them, except 
those chosen by the members, at any time; they may fill vacancies 
occurring in any manner in their own number or in any of the offices. 


They shall from time to time elect members to the Corporation upon 
such terms and conditions as they may think best. 

VI. Meetings of the Trustees shall be called by the President, or 
by any two Trustees, and the Secretary shall give notice thereof by 


written or printed notice sent to each Trustee by mail, postpaid. 
Seven Trustees shall constitute a quorum for the transaction of busi- 
ness. The Board of Trustees shall have power to choose an Execu- 
tive Committee from their own ‘number, and to delegate to such 
Committee such of their own powers as they may deem expedient. 

VII. The President shall annually appoint two Trustees, who shall 
constitute a committee on finance, to examine from time to time the 
books and accounts of the Treasurer, and to audit his accounts at the 
close of the year. No investments of the funds of the Corporation 
shall be made by the Treasurer except approved by the finance com- 
mittee in writing. 
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VIII. The consent of every Trustee shall be necessary to dissolution 
of the Marine Biological Laboratory. In case of dissolution, the 
property shall be given to the Boston Society of Natural History, or 
some similar public institution, on such terms as may then be agreed 
upon. 


IX. These By-Laws may be altered at any meeting of the Trustees, 
provided that the notice of such meeting shall state that an alteration 
of the By-Laws will be acted upon. 

X. Any member in good standing may vote at any meeting, either 
in person or by proxy duly executed. 


[V. TREASURER’S REPORT.’ 


Harvey S. Chase & Company, 
Certified Public Accountants, 84 State Street, Boston. 
January 21, 1922 
Mr. D. BLaxety Hoar, 
161 Devonshire Street, 
Boston. 


Dear Sir: We have completed our audit of the accounts of the 
Marine Biological Laboratory for the year ended December 31, 
1921, as kept both at your office in Boston and at Woods Hole, 
and report thereon in the accompanying exhibits and schedules : 


Exhibit A—Balance Sheet as of December 31, 1921. 
Exhibit B—Income and Expense for the Year ended December 
31, 1921. 
Schedule I—lInvestments (Book Values). 
Schedule II—Cash Receipts and Disbursements on Account 
of Funds. 
Schedule 11I—Land, Buildings, and Equipment. 


Schedule [1V—Supply Department Income and Expense Ac- 
count for the Year ended December 31, 
1921. 


We certify that, subject to the comments herewith, the balance 
sheet and income and expense statement shown in Exhibits A and 


1 Only a part of the audit is included in the Treasurer’s report. The com- 
plete audit is on file at the Laboratory and may be examined by any member. 
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B are in accordance with the books and correct to the best of our 
knowledge and belief. 
Very respectfully, 
(Signed) Harvey L. Cuase & Company, 
Certéfied Public Accountants. 


MARINE BioLoGcicaL LaBorRATORY BALANCE SHEET, DECEMBER 31, 


1921. 


Cash: 

In bank 

Petty cash fund $1,748.37 
Notes receivable (secured) 1,000.00 
Accounts receivable 9,687.22 
Inventories: 

Supply department. 

a re 3,535-95 23,688.85 
Investments : 

Securities (Schedule I.) $11,694.87 

Less loan 1,500.00 10,194.57 

Cash (Schedule II.).... 809.87 11,004.44 

Stock in General Biological Supply House, Inc. 12,700.00 
Gansett property account...... 

Less mortgage 11,582.0 9,172.94 
Educational Plant (Schedule III. 

Land os sbuvecsetacs. Sine 
Buildings...... .. 207,855.06 


Equipment —_e 98,465.02 


400 176 


Less reserve for depreciation 42,070.17 358,106.05 
Deferred charges: 
Prepaid insurance 2,786.43 


Items in suspense......... : 336.98 


$430,251.28 


Accounts payable jake kone e $2,863.84 
Notes payable: 

Falmouth National Bank......... ‘ewes 10,000.00 
Accrued charges (estimated) 1,000.00 
Items in suspense: 

Friendship Fund donation for 1922 expenses... 

Amount received from Marine Biological Lab- 

oratory Club for repairs to club house 


Other items......... 


Trust funds. 11,004.44 


$30,474.15 
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Balancing Account: 
3alance, January 1, 1921 $385,582.48 
Add: 
Special Donations received during year for 
completing third floor of New Labora- 
tory Building: 
Nela Research Laboratory... . $3,000.00 
Eli Lilly Co 3,000.00 
Friendship Fund, Inc 7,500.00 


Balance of Income Account for Year (Ex- 


hibit 3,994.65 
Special Donations received in 1919 and 


1920 towards purchase of stock of Gen- 
eral Biological Supply House 2,700.00 3995777.13 


$430,251.28 


MarINE BIoLtocicAL LABORATORY, INCOME AND EXPENSES FOR 
YEAR ENpvep DECEMBER 31, I92I. 


Expenses Income Loss Gain 
Administration expenses $9,657.82 9,657.82 
Bar Neck Property expense 340.82 
BIoLoGicaL BULLETIN and annual 
4,186.35  3,537-15 649.20 
BroLocicaL BULLETIN, adjustment 
of expenses for 1920 347.58 
Carpenter department ,044.09 7.58 1,036.51 
Chemical department 763.77 1,763.77 
Dormitories 2,609.21 2,467.62 141.59 
Instruction 6,915.60 8,882.50 1,966.90 
Janitor’s house expenses 7.68 7.68 
Interest on notes payable 570.00 570.00 
Library department 979.12 1,979.12 
Maintenance, buildings and 
ER. ts bo wdeeee eet 6,919.63 6,919.63 
RL. a Gs s bein ehalr eae es Kaueh 23,264.52 24,556.41 1,291.89 
New laboratory 3,994.07 3,994.07 
Newman Cottage 73.90 150.00 76.10 
Pumping station 514.83 514.83 
Research department 2,605.57 6,325.00 3,719.43 
Sundry expense and income 89 9,243.76 8,001.87 
Supply department (See Schedule 
,561.10 774. 1,213.68 
720.43 720.43 
Total current expenses....... 109,970.40 28,295.47 
Total current income 98,292.38 98,292.38 16,617.45 


Excess of expenmses.......... 11,678.02 11,678.02 
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Reserve for depreciation 
Bad accounts written off 
19,153.35 
Donations for Expenses: 
Friendship Fund.. $20,000.00 
Frances C. Lillie... 3,000.00 
Other 148.00 23,148.00 


Balance to balancing account $3,994.65 


Marine BrotocicaAL Laporatory INVESTMENTS, DECEMBER 31 


1921. 


Reserve Fund. 
Cash on hand 
*$3,000.00 American Telephone & Telegraph Company, 4’s.. 
500.00 Western Telephone & Telegraph Company, 5’s... 
*6 shares American Smelting & Refining Company, Pre- 
ferred 
8 shares General Electric Company 
shares United Shoe Machinery Corporation, Preferred... 


shares Massachusetts Gas Companies, Preferred 


Items marked * are held as collateral on loan of 


Library Fund. 


Shoane 1s, 5: Laat TOR. Ai 1fAGic sce ccsecedvavvcveces 
4/5 of $1,000.00 American Telephone & Telegraph Com- 
e853 6 bc BSE 00s SERRA oo ae hee notes 
3 shares American Telephone & Telegraph Company 
; shares General Electric Company 
shares United Shoe Machinery Corporation, Preferred... 
shares Massachusetts Gas Companies, Preferred 


share American Smelting & Refining Company, Preferred. 


Overdraft of cash 


Cash on hand 
$300.00 U. S. Liberty Loan, 1st Convertible 4 1/4’s 


1/5 of $1,000.00 American Telephone & Telegraph Company, 


18 shares Vermont & Massachusetts Railroad Company..... 
3 shares General Electric Company 
share West End Street Railway Company 
share American Telephone & Telegraph Company... 
Total—Exhibit A 


$460.06 


2,921.25 


496.88 


732.00 
907 
393.75 
444 

1355.8 


,500,.00 


300.00 


194.75 
2,416.50 
349-55 
83.00 
124.39 4,079.75 


$11,004.44 
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V. REPORT OF THE LIBRARIAN. 


The Library has enjoyed a steady growth since the previous 
report, the total number of books added to the Library being 929. 
Of these 78 volumes were received by purchase, 293 by binding of 
periodicals, 105 as gifts, and 26 as permanent loans from the 
American Museum of Natural History. To these should be added 
427 reprints, mostly in pamphlet form. During the year the num- 
ber of periodicals received has been 260 titles, of which 97 are 
received by subscription, 52 by exchange for the BrotocicaL But- 
LETIN, 99 are gifts, one is received by advertising, and 11 periodi- 
cals are sent to us from the duplicates of the American Museum 
of Natural History as loan. At the end of the year the total con- 
tents of the Library is 10,663 volumes and 8,959 pamphlets. 

The Library has been fortunate in receiving a number of valu- 
able gifts of books and of money. We may mention especially a 
gift of $50 from Miss Anna E. Lagemann, of $88 from Dr. Frank 
R. Lillie for the purchase of certain sets-of journals, and $10 from 


Dr. Alfred G. Mayor for subscriptions to periodicals. Of books, 
we have received from the authors— 


“The Nature of Animal Light,” E. Newton Harvey. 
“The Grand Strategy of Evolution,” William Patten. 

“ Physiological Chemistry,” 3d edition, Albert P. Matthews. 
“Human Behavior,” Stewart Paton. 


From Messrs. Squibbs we have received their “ Materia Medica,” 
and from Messrs. Merck & Co., Benjamin L. Murray’s “ Standard 
Tests for Reagent Chemicals, 1920.” An especially interesting 
gift is a volume of “Ramblers of a Naturalist, 1857,” by de- 
Quatrefages. This book is given by Mr. William Beer, Librarian 
of the Howard Memorial Library of New Orleans. Mr. Beer 
visited Wood’s Hole in the summer of 1920, was much interested 
in our Library, and has sent this book in recognition of the friend- 
ships then established. Dr. H. H. Donaldson has very kindly 
given us a copy of Cattell’s “ American Men of Science,” edition 3, 
and from the Rev. Mr. Tingley we have received a copy of Porter, 
“The Human Intellect,” and Barrett, “ Threshold of the Unseen.” 
The Librarian also wishes to express thanks for friendly sugges- 
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tions received from various members of the laboratory, especially 
Dr. Pond, Dr. Osterhout, and Dr. Franklin. 

During the winter preceding the opening of the laboratory the 
Assistant Librarian rearranged the books in the Library, placing 


them in three series. Ordinary books are arranged at the west 


end of the Library and placed in order according to the Dewey 


decimal classification, the classification being somewhat minute 
with a view to future expansion. The journals are arranged in 
the next section of the Library and classified into a few broad 
classes. Under each class the journals are arranged alphabetically 
by title. The reprints are massed at the east end of the Library 
and are all arranged alphabetically. We have been able to com- 
plete ten important sets of journals by purchase, exchange, or 
gifts. Among the important ones that have been completed are— 

Morphologisches Jahrbuch, 

Quarterly Journal of Microscopic Science, 

The New *hytologist, 

La Cellule, 

Proceedings of the Boston Society of Natural History. 

The dictionary catalogue, which was started last year, now con- 
tains 8,637 cards. The use of the Library has increased consider- 
ably, the circulation for the year 1921 being 1,200 items. The 
new forms which have been devised for keeping records have 
proved very satisfactory and useful. 

The needs of the Library are numerous and various. We may 
mention especially (1) reprints, of which none have been received 
recently from members of the laboratory. Authors are requested 
to look over the reprints in the Library when visiting Wood’s Hole 
and to send us what are lacking; (2) larger appropriations are 
needed for the purchase of books much in demand; (3) special 
needs are—a good encyclopedia, bibliographical aids, such as the 
Zoological Record after 1893, the International Catalogue sections 
on botany, physiology, etc., from the beginning, The Royal Society 
Catalogue of Scientific Papers; and, finally, much more room is 
needed for the growth of the Library, and we are looking forward 
to this need being satisfied in the near future. 

R. P. Bicetow, 


Librarian. 
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VI. THE DIRECTOR’S REPORT. 


To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY. 


Gentlemen: | beg to present herewith a report of the thirty- 
fourth session of the Marine Biological Laboratory for the year 
Ig2I. 

The session was in every sense a successful one; the attendance, 
which was far in excess of any previous year in the number of 
investigators, confirms again the status of the Laboratory as an 
effective organization for the promotion of biological research. 
The student attendance was the same as the preceding year, 120 in 
all courses, a number which has been fixed as a maximum with 
our present accommodations. The increase of the fee for courses 
from $50.00 to $75.00 first put into effect in 1921 thus did not 
operate to reduce attendance. 

One hundred and seventy-two investigators, 36 more than in any 
preceding year, worked at the Laboratory. This was rendered 
possible by the completion of nine additional rooms in the brick 
building, with aid from the Nela Research Laboratory and Eli 
Lilly and Company acknowledged in the preceding report, by the 
use of five additional rooms in the newly completed laboratory of 
the Supply Department, and by assignments to the Laboratory of 
the Bureau of Fisheries at Wood’s Hole generously placed at our 
disposal by the Commissioner, Dr. Hugh M. Smith. It would 
have been impossible to accommodate so many workers in the 
regular laboratories. 

Fifty-two universities and colleges and research institutions 
subscribed for research rooms, or investigators’ or students’ tables 
(see appended list). This was the same number as in 1920, but 
the amount subscribed increased from $6,210.90 in 1920 to $8&,- 
800.00 in 1921. The total number of institutions represented vy 
workers at the Laboratory was 95 scattered throughout practically 
all of the Eastern and Middle Western States. Workers from 


England, Holland, Russia, China, and Japan represented a growing 


international interest in the Laboratory. 
Medical interests were represented by forty-one investigators 
and five students from twenty-seven medical institutions of this 
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country, Canada, England, and China. When it is considered what 
a high percentage of other investigators on the side of animal 
biology are concerned in teaching and investigation of pre-medical 
subjects, it is fair to say that the relation of the Laboratory to 
medical interests is very close indeed. This is, of course, not a 
new situation in the Laboratory, but it is one that is developing 
strength year by year. 

It is probably worth while at this time to give a summary com- 
parison of the finances of the Laboratory for the last six years, 
because the financing of educational institutions has been noto- 
riously difficult owing to rising costs, and most readers of the 
report will not take the time to compare the detailed reports of the 
treasurer for successive years. The following table gives a sum- 
mary of the chief items of interest for the last six years: 


Earned Donations for | Surplus without 


Expense. . " : 
Income. CurrentExpense. Depreciation. 


1916 ine $ 68,002.65 52, 8 $20,000.00 4.2 
BOET. «2-2 69,753-70 52,504.85 20,000.00 I.I 

1918 7" 69,687.14 20,000.00 4.594.901 
IQI9 0 88,452.64 80,307.57 20,260.00 12,114.93 
oe 103,007.64 89,043.04 20,060.00 6,905.40 
1921 109,970.40 98,292.38 23,148.00 11,469.28 


$ 4, 


7 
2.75 


Reserve for Trust 


Assets. Liabilities. ee . 
Depreciation. Funds. 





1916.... $320,845.93 $19,503.66 $ 6,942.12 $ 8,764.55 


I9t7... 382,943.30 | 19,500.40 8,881.82 9,285.59 
1918 359,902.79! 17,019.79 21,140.24 9,954.03 
I9I9 370,307.31 20,429.21 28,543.46 10,583.41 
1920 : 411,123.63 27,263.50 34,799.48 10,409.66 
ge 430,251.28 31,051.72 42,070.17 11,004.44 


It will be observed that, in spite of the great increases in cost of 
operation (expense) during this time, the earned income has main- 
tained a very satisfactory ratio, so that the fairly constant donation 
account has left a “surplus” each year, if such it may be called; 
this has all been used, together with the special gifts, acknowledged 
in the reports, for the additions and improvements that have been 
found necessary, such as rebuilding the mess hall, erection of the 


1 Decrease due to separate setting up of Gansett property account. 
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Supply Department Laboratory, completion of the brick building, 
increases of equipment, and in other minor ways, all of which are 
reflected in the increase of assets. The liabilities are made up for 
this table of the sum of accounts and notes payable, mortgage on 
the Gansett property and various lesser amounts, varying from 
year to year. The increase to be noted since 1918 is due mainly 
to loans amounting to $10,000 necessary to complete the heavy 
building and improvement operations of the last three years. The 
reserve for depreciation is merely a book charge diminishing the 
assets by the stated amount. The income of the small Trust Funds 
is allowed to accumulate, for the most part, and this accounts for 
their increase from year to year. 


The treasurer’s report for the current year (p. 279) reflects a 
satisfactory state of affairs so far as current expenses go. The 
increase of income over 1920, amounting to $8,349.34, is due to 
increase in receipts from instruction (from $5,960.00 in 1920 to 
$8,882.50 in 1921), from contributions for research rooms and 
tables ($4,450.00 and $6,325.00 in 1920 and 1921, respectively), 
from “ Sundry Income,” made up mostly of a charge of 6 per cent. 


on the investments in the mess, supply department, and dormi- 
tories ($7,030.75 and $9,243.76 in 1920 and 1921, respectively), 
and an increase of a little over $1,000.00 in the receipts from the 
mess. The receipts of the Supply Department, on the other hand, 
were nearly $1,000.00 less in 1921 than in 1920, which is, after all, 
a surprisingly small reduction in the face of the very adverse busi- 
ness conditions. 

The new laboratory of the Supply Department and the additional 
rooms in the brick building were completed early in 1921 and were 
in use during the summer season. 

Renewed and very careful consideration was given to the plans 
for the new buildings proposed in the reports for 1919 and 1920 
and to means of securing funds for their construction and mainte- 
nance. A decision was soon reached to combine the three main 
needs, viz., a laboratory for biophysics and biochemistry, an audi- 
torium, and library, in one building continuous with the present 
brick building, in order to use the land more economically, to 
simplify care of the buildings, and make the various departments 
more accessible to all workers; at the same time the plan provided 
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a quiet corner for the auditorium in the angle between the two 
wings protecting it completely from the noise of the street. In 
their work on these plans the Executive Committee were able to 
rely on the advice and assistance of Mr. Charles A. Coolidge, at 
every stage, as in the plans studied in the summer of 1920. Draw- 
ings were made by Messrs. Coolidge and Shattuck of Boston and 
were repeatedly criticized and improved, detail by detail, by the 
workers at the Laboratory. The plans reached an advanced state 
of completion by the end of the summer, and the architects were 
then instructed to prepare final drawings and specifications and to 
secure contractors’ estimates on the cost of construction. 

During the year also efforts were continued with the aid of the 
National Research Council to secure the necessary funds for the 
building and its endowment, estimated at about one million dollars. 
The project was presented to the Rockefeller Foundation and the 
Carnegie Corporation by officers of the National Research Council 
early in the year, and opportunity was given during the session by 
both organizations for a full presentation of the needs and plans 
of the Laboratory by our Executive Committee. Both organiza- 
tions had the matter under favorable consideration at the end of 
the year. 

We are not asking for a large endowment in connection with 
the new building, but for only enough so that the operation of the 
new addition should not be unduly burdensome. Our aim should 
be to develop and extend the system of contributions from research 
sources of all kinds and to expand the business of the Supply 
Department and of all other sources of revenue. The Laboratory 
should depend largely upon codperative support, to the least possi- 
ble extent upon endowment. The morale and strength of the or- 
ganization depend upon the necessity of its members working 
together for its support and its growth. The Laboratory will thus 
best maintain its ideals and become increasingly effective in the 
advancement of science. 

The membership of our Corporation and Board of Trustees is 
composed almost entirely of scientific men; such a body is not 
usually considered well qualified to deal with matters of investment 
connected with relatively large endowments. On the other hand, 


to create another body, as an integral part of the Laboratory, that 
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would have control of finances, would inevitably weaken the con- 
trol of the scientific men over the policies of the Laboratory in 
general. Our Board of Trustees for these reasons adopted the 
policy that any endowment that should be created in connection 
with the present undertaking should be held in trust for the Labo- 
ratory by an outside body, which should pay in the income to the 
.aboratory for operating expenses. 

If we realize these immediate aims within the next year or two, 
other practical problems will arise. The most serious of these 
probably is the housing problem which will be created by the in- 
creased attendance. This will be an important limiting factor in 
the growth of the Laboratory. There should be added a building 
capable of accommodating about 50 persons in separate rooms or 
small suites, situated as close to the Laboratory buildings and mess 
hall as possible. We should also erect about ten small bungalows, 
furnished and equipped for light housekeeping, on the Gansett 
tract, to accommodate some of our married members who can not 
now find reasonably priced and suitable accommodations for their 
families. About $75,000.00 is needed for these purposes. The 
rentals would furnish an addition to the income of the Laboratory, 
though it could not be expected to yield a high rate of return on 
the investment. 

At the invitation of the Director, the Committee on Physiological 
Optics of the National Research Council held a session at the 
Laboratory from July 19 to July 22, inclusive. Advantage was 
taken of this occasion to hold several conferences on the general 
subject of biophysics between the members of the committee and 
investigators at the Laboratory. Demonstrations of biophysical 
investigations in progress were also held, and the sessions culmi- 
nated in a symposium on “ The Requirements of Biologists from 
Physical Science and on the Equipment of a Biophysical Labora- 
tory.” Numerous suggestions were received by the officers of the 
Laboratory for incorporation in the new plans. As one of the very 


few occasions in which the border-line problems between physics 


and biology have been discussed by specialists on both sides, the 
occasion was noteworthy. It should be regarded merely as a be- 
ginning of fruitful codperation in biophysical research. 

At the meeting of the Corporation August 9, 1921, four new 
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members were elected to the Board of Trustees in the class of 
1925: Professor I. F. Lewis, of the University of Virginia; Dr. 
R. S. Lillie, of the Nela Research Laboratories; Professor E. P. 
Lyon, of the University of Minnesota, and Professor D. H. Ten- 
nent, of Bryn Mawr College. 

As part of their report to the Carnegie Corporation the Execu- 
tive Committee drafted a statement concerning the Organization 
and Policies of the Marine Biological Laboratory. As this is the 
first attempt at such a formulation, it is herewith printed (p. 304) 
as part of the Director’s report for the criticism of the members 
of the Laboratory. It is not intended to constitute a set of regu- 
lations. It is descriptive of the practices that have grown up in 
the past thirty-four years and of the traditions that have been 
established ; thirty-four years hence such a statement may have 
considerable interest, after those who were concerned in the early 
history of the Laboratory shall have departed from this scene. 

There are appended as parts of this report: (1) A list of the 
staff for 1921, (2) A list of investigators and students in attend- 
ance in 1921, (3) A tabular view of attendance for the last five 


years, (4) A list of the subscribing and codperating institutions in 
1921, (5) The Evening Lectures, (6) A statement concerning the 
Organization and Policies of the Marine Biological Laboratory, 
(7) A list of members of the Corporation. 


1. THE STAFF. 


1921. 
Frank R. Lixuiz, Director, Professor of Embryology, and Chairman 
of the Department of Zodlogy, The University of Chicago. 
GitmaN A. Drew, Assistant Director, Marine Biological Laboratory. 


ZOOLOGY. 


I. INVESTIGATION. 
Gary N. Carxins, Professor of Protozodlogy, Columbia University. 
E. G. Conxitn, Professor of Zodlogy, Princeton University. 
GitmMAN A. Drew, Assistant Director, Marine Biological Laboratory. 
Grorce LeFevre, Professor of Zodlogy, The University of Missouri. 
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Frank R. Liu, Professor of Embryology, The University of 
Chicago. 

C. E. McCiune, Professor of Zodlogy, University of Pennsylvania. 

T. H. Morcan, Professor of Experimental Zodlogy, Columbia Uni- 
versity. 

E. B. Witson, Professor of Zodlogy, Columbia University. 


II, INSTRUCTION, 

W. C. Attez, Professor of Biology, Lake Forest College. 
Epwarp J. Apotpu, Instructor in General Physiology, University ot 

Pittsburgh. 
Rosert Hatt Bowen, Instructor in Zodlogy, Columbia University. 
J. A. Dawson, Professor of Biology, Dalhousie University. 
C. L. ParMENTER, Instructor in Zodlogy, University of Pennsylvania. 
CHRISTIANNA SMITH, Instructor in Zodlogy, Mount Holyoke College. 
J. P. Visscuer, Instructor in Zodlogy, Washington University. 
DonNELL B, Young, Assistant Professor of Zoology, Carlton College. 


PROTOZOOLOGY. 


I, INVESTIGATION, 


(See Zodlogy.) 


II, INSTRUCTION. 


Gary N. Ca.xrns, Professor of Protozodlogy, Columbia University. 
Louise H. Grecory, Assistant Professor of Zodlogy, Columbia 
University. 


EMBRYOLOGY. 


I. INVESTIGATION. 


(See Zodlogy.) 
II. INSTRUCTION, 


Davip H. TENNENT, Professor of Biology, Bryn Mawr College. 

Husert B. Goopricu, Associate Professor of Zodlogy, Wesleyan 
University. 

BENJAMIN H. Grave, Professor of Biology, Wabash College. 

Cuartes G. Rocers, Professor of Comparative Physiology, Oberlin 
College. 

EvizazetH A. Situ, Assistant Professor of Zodlogy, University of 
Wisconsin. 
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PHYSIOLOGY. 


I, INVESTIGATION. 

Apert P. Matuews, Professor of Biochemistry, The University of 
Cincinnati. 

Harotp C, Braptey, Assistant Professor of Physiological Chemistry, 
University of Wisconsin. 

Wa tter E. Garrey, Professor of Physiology, Tulane University. 

Rap S. Litre, Biologist, Nela Research Laboratory, Department 
of Pure Science, Nela Park, Cleveland, Ohio. 


II, INSTRUCTION. 


Ratpu S. Liiz, Biologist, Nela Research Laboratory, Department 
of Pure Science, Nela Park, Cleveland, Ohio. 

Merket H. Jacoss, Assistant Professor of Zodlogy, University of 
Pennsylvania. 

Frank P. Know ton, Professor of Physiology, Syracuse University. 

Reynotp A, Spaetu, Associate in Physiology, School of Hygiene 
and Public Health, Johns Hopkins University. 


PHILOSOPHICAL ASPECTS OF BIOLOGY AND ALLIED 
SCIENCES. 
LECTURER. 


Epwarp G. SpautpinG, Professor of Philosophy, Princeton University. 


BOTANY. 
I, INVESTIGATION. 


S. C. Brooxs, Department of Public Health, Washington, D. C. 


Epwarp M. East, Professor of Experimental Plant Morphology, 


Harvard University. 
Rosert A. Harper, Professor of Botany, Columbia University. 
E. Newron Harvey, Assistant Professor of Physiology, Princeton 
University. 
Winturop J. V. Osternout, Professor of Botany, Harvard Uni- 
versity. 
II, INSTRUCTION. 
Ivey F. Lewis, Professor of Biology, University of Virginia. 
Jacos R. ScuHramM, Professor of Botany, College of Agriculture, 
Cornell University. 
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Witit1aM RanpotepH Tay or, Instructor in Botany, University of 
Pennsylvania. 


LIBRARY. 


Rosert P. BiceLow, Librarian and Associate Professor of Zodlogy and 
Parasitology, Massachusetts Institute of Technology. Librarian. 

PriscILLA B. MontcoMERyY (Mrs. Thomas H. Montgomery, Jr.), As- 
sistant Librarian. 


CHEMICAL SUPPLIES.* 


Oxtver S. Strrone, Associate Professor of Neurology, Columbia 
University, New York City, Chemist. 


SUPPLY DEPARTMENT. 


G. M. Gray, Curator. A. W. Leatuers, Head of Ship- 
Joun J. VeEEpER, Captain. ping Department. 
E. M. Lewis, Engineer. A. M. Hitton, Collector. 

J. McInnis, Collector. 


F. M. MacNaucurt, Business Manager. 
Hersert A. Hixton, Superintendent of Building and Grounds. 


2. INVESTIGATORS AND STUDENTS—tg92I1. 


INDEPENDENT INVESTIGATORS—Zodlogy. 


Appison, Witi1AM H., F., Professor of Histology and Embryology, University 
of Pennsylvania. 

Apotex, Epwarp F., University of Pittsburgh. 

ALLEE, WarpER C., Assistant Professor of Zodlogy, University of Chicago. 

ALLEN, Ezra, Head of Biology Department, Ursinus College. 

Baker, Horace B., Instructor, University of Pennsylvania. 

BicELow, Rosert P., Associate Professor of Zodlogy and Parasitology, Massa- 
chusetts Institute of Technology. 

Bortnc, Atice M., Associate Professor of Zodlogy, Wellesley College. 

Bowen, Rosert H., Instructor in Zodlogy, Columbia University. 

Catxins, Gary N., Professor of Protozoélogy, Columbia University. 

CaROTHERS, ELEANOR E., University of Pennsylvania. 

CarROLL, MITCHELL, Professor of Biology, Franklin and Marshall College. 


* Compound microscopes, with two oculars and two objectives, rack and 
pinion and fine adjustment, may be rented for the season at $7.00 each, pro- 
vided notice is received by the Business Manager not later than June tr. 
Microscopes are not otherwise supplied by the Laboratory. 
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CHAMBERS, RoserT, Assistant Professor of Anatomy, Cornell University Med- 
ical College. 

CuarLtTon, Harry H., Assistant Professor, University of Missouri. 

CHIDESTER, FLoyp E., Associate Professor of Zodlogy, West Virginia Univer- 
sity. 

Capp, Cornevia M., Professor Emeritus of Zodlogy, Mount Holyoke College. 

Crark, Exiot R., Professor of Anatomy, University of Missouri. 

CiarRK, ELeanor L., Columbia, Mo. 

CopELAND, Manton, Professor of Biology, Bowdoin College. 

Cowpry, E. V., Associate Member, Rockefeller Institute. 

DancuakorF, VERA, Assistant Professor of Anatomy, College of Physicians and 
Surgeons. 

DanrortH, CHartes H., Associate Professor of Anatomy, Washington Uni- 
versity School of Medicine. 

Dart, Raymonp A., Demonstrator of Anatomy, University of London. 

Dawson, James A.. Professor of Biology, Dalhousie University. 

DonaLpson, Henry H., Professor of Neurology, Wistar Institute. 

Drew, Grtman A., Assistant Director, Marine Biological Laboratory, Woods 
Hole, Mass. 

GatsorrF, Paut S., 278 Hawthorne Ave., Yonkers, N. Y. 

Guiaser, Orto C., Professor of Biology, Amherst College 

Goopricu, H. B., Associate Professor of Zoédlogy, Wesleyan University. 

Grave, CASWELL, Professor of Zoédlogy, Washington University. 

GravE, BENJAMIN H., Professor of Zoélogy, Wabash College. 

Grecory, Louise H., Assistant Professor of Zoédlogy, Barnard College. 

HausMan, Leon A., Instructor in Biology and Protozodlogy, Cornell Uni- 
versity. 

Hemmeter, Joun C., Professor, University of Maryland 

HEILBRUNN, Lewis V., Assistant Professor of Zoélogy, University of Michigan. 

Hensnaw, Henry W., Washington, D. C. 

Hess, WALTER N., Professor of Zodlogy, DePauw University. 

Hocve, Mary J., Instructor, Johns Hopkins University Medical School. 

Hoskins, Marcaret M., Medical College, University of Virginia. 

Howe, Harrison E., Chairman Division Research Extension, National Re- 
search Council, Washington, D. C. 

Jacozs, Merxet H.,, Assistant Professor of Zodlogy, University of Pennsyl- 
vania. 

J=xnincs, Herpert S., Professor of Zodlogy, Johns Hopkins University. 

Just, Ernest E., Professor of Zoédlogy, Howard University. 

Krinprep, James E., Assistant Professor of Biology, Western Reserve Uni- 
versity. 

Knower, Henry McE., Professor of Anatomy, University of Cincinnati. 

Lerevre, Grorce, Professor of Zoélogy, University of Missouri. 

Lititz, Frank R., Chairman, Department of Zoélogy, University of Chicago. 

Linton, Epwin, Honorary Fellow in Zoélogy, University of Missouri. 

MacCatium, G. A., 925 St. Paul St., Baltimore, Md. 

McCiunc, C. E., Director of Zodlogical Laboratory, University of Penn- 
sylvania. 


Martin, Bertua E., Associate Professor of Zoélogy, Mount Holyoke College. 
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Mast, SaMuet O., Professor of Zodlogy, Johns Hopkins University. 

Mepes, Grace, Assistant Professor, Vassar College. 

Miner, Roy W., American Museum of Natural History, New York City. 

Morritt, CuHartes V., Assistant Professor of Anatomy, Cornell University 
Medical College. 

OKKELBERG, Peter, Assistant Professor of Zoédlogy, University of Michigan. 

PacKARD, CHarLEs, Assistant Professor of Biology, Peking Union Medical 
College. 

PaRMENTER, CHARLES L., Instructor, University of Pennsylvania. 

Patten, Witt1AM, Professor of Biology, Dartmouth College. 

PEeesLes, Florence, Bryn Mawr, Pa. 

Pinney, Mary E., Professor of Biology, Lake Erie College. 

Pioucu, Haroip H., Associate Professor of Biology, Amherst College. 

Reese, Atsert M., Professor of Zodédlogy, West Virginia University. 

Rocers, Cuartes G., Professor of Comparative Physiology, Oberlin College. 

ScHRADER, Franz, Bryn Mawr College. 

SHELLSHEAR, JosePH L., Demonstrator of Anatomy, University of London. 

Stosson, Epwin §S., Editor of Science Service, Washington, D. C. 

SmitH, Exizapetu A., Assistant Professor of Zodlogy, University of Wis- 
consin., 

SPAULDING, Epwarp G., Princeton University. 

Sperpet, Cart C., Adjunct Professor of Anatomy, University of Virginia. 

Stockarp, Cuartes R., Professor of Anatomy, Cornell University Medical 
College. 

Stronc, Ouiver S., Associate Professor of Neurology, Columbia University. 

SwincLe, Witton W., Assistant Professor of Zoédlogy, Yale University. 

TENNENT, Davip H., Professor of Biology, Bryn Mawr College. 

Tracy, Henry C., Professor of Anatomy, University of Kansas. 

Wuepon, Artuur D., Instructor in Zodlogy, University of Pennsylvania. 

Wuite, Gertrupve M., Instructor, Carnegie Institute of Technology. 

WuitesivE, BEATRICE, 122 West 79th St., New York City, N. Y. 

Wuitinc, Purneas W., Professor of Biology, St. Stephens College. 

Woop, F. E., Professor of Biology, Illinois Wesleyan University. 


BEGINNING INVESTIGATORS —Zodlogy. 


Atrersury, Rutu R., Instructor, College of Physicians and Surgeons, New 
York City. 

Bean, Raymonp J., Instructor in Biology, Western Reserve University. 

Cuace, Eunice E., Instructor, Smith College. 

DELLINGER, SAMvuEL C., Assistant Professor, University of Arkansas. 

Geizer, SaMuEL W., Bruce Fellow, Johns Hopkins University. 

Gitson, Artuur S., Jr., Harvard University. 

Guturiz, Mary J., Bryn Mawr College. 

Haypen, Marcaret A., Instructor in Zodlogy, Wellesley College. 

Hrisparp, Hope, Assistant Professor of Biology, Elmira College. 

Hrnricus, Marte A., Instructor, Vassar College. 

Hoaptey, Leicu, University of Chicago. 

Jounson, Grorce E., Professor of Biology, University of Porto Rico. 
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LowTHER, FLoreNCcE DEL., Instructor, Barnard College. 

McCosn, Grapys K., Assistant in Zoélogy, Washington University. 
McQuinn, Lenore, Graduate Student, University of Michigan. 
MatayosHli, ZENKO, Assistant in Anatomy, Cornell University Medical College. 
Ousuima, Hrrosui, Assistant Professor, Kyushu Imperial University. 
Ricuter, Maurice N., 1019 Trinity Ave., New York City. 

Romer, AtFrrep S., Instructor, Bellevue Medical College. 

Suepparp, Avice E., 722 King St., Pottstown, Pa. 

Sivickis, P., Fellow, Zodlogy Department, University of Chicago. 
SmitH, CHRISTIANNA, Instructor, Mount Holyoke College. 

SprinGceR, Mary G., Assistant in Zoédlogy, Oberlin College. 

Swett, Francis H., Assistant in Zodlogy, Yale University. 
THARALDSEN, Conrav E., Professor of Zodlogy, Northwestern University 
Tyree, Dora, Assistant in Histology, University of Cincinnati. 

Un emeyer, Bertna, Instructor in Zoélogy, Washington University. 
Varian, Basit B., Columbia University. 

Visscuer, J. Paut, Instructor, Washington University. 

Warren, Herzenrt S., Assistant in Zodlogy, Columbia University. 
Wuitinc, Mrs. Puineas W., Annandale-on-Hudson, New York. 
Woopsripce, HELEN, Assistant in Zodlogy, Washington University. 
Wyman, Leranp C., Austin Teaching Fellow, Harvard University. 
Younc, Donne tt B., Assistant Professor of Zodlogy, Carleton College. 


INDEPENDENT INVESTIGATORS—Physiology. 


Brapvey, Haroip C., Professor of Physiological Chemistry, University of Wis- 
consin. 


Ciowes, Georce H. A., Director of Research Division, Eli Lilly & Co., 
Indianapolis. 

Co.tiett, Mary E., Instructor in Physiology, University of Buffalo. 

Co.uip, James B., University of Alberta, Alberta, Canada. 

Davis, Avice R., 19 Ash St., Cambridge, Mass. 

Epwarps, Dayton J., Assistant Professor of Physiology, Cornell »University 
Medical College. 

Garrey, WALTER E., Professor of Physiology, Tulane University. 

Harvey, Mrs. E. N., Princeton, N. J. 

Harvey, Dr. E. Newton, Professor of Physiology, Princeton University. 

Hecut, Sevic, Assistant Professor of Physiology, Creighton Medical College. 

KNow ton, Frank P., Professor of Phsiology, Syracuse University. 

Litviz, Ratpu §S., Biologist, Nela Research Laboratory, Cleveland, Ohio. 

Logs, Jacques, Head of Division of Experimental Biology, Rockefeller Insti- 
tute for Medical Research. 

Logs, Leo, Professor of Comparative Pathology, Washington University. 

Lyon, Exias P., Professor of Physiology, University of Minnesota. 

Matuews, Avert P., Professor of Biochemistry, University of Cincinnati. 

Moore, Artuur R., Professor of Physiology, Rutgers College. 

Morcutis, Sercius, Professor of Physiological Chemistry, University of 
Nebraska, College of Medicine. 


Morse, Witnrow, Professor of Biochemistry, West Virginia University. 
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Ponp, Samuet E., Physiologist, Nela Research Laboratory, Cleveland. 

SevrincHaus, Evmer L., Instructor in Physiological Chemistry, University of 
Wisconsin. 

Snyper, CuHartes D., Professor of Experimental Physiology, Johns Hopkins 
University. 

SpaetH, Reynowp A., Associate in Physiology, School of Public Health, Johns 
Hopkins University. 

VAN DER Heype, Henri C., Heemstede, Holland. 

Warren, Howarp C., Professor of Psychology, Princeton University. 

Woopwarp, AtvaLyn E., Demonstrator in Biology, Amherst College. 


BEGINNING INVESTIGATORS—Physiology. 


BacHMAN, Epa, Research Chemist, Eli Lilly & Co., Indianapolis. 

BASKERVILL, Marcaret L., Research Assistant, Nela Research Laboratory, 
Cleveland, Ohio. 

Brits, CuHartes E., Graduate Student, Johns Hopkins University. 

BLANCHARD, KenNneTH C., Assistant in Biology, Clark University. 

CaTTELL, WarE, Student, Cornell University. 

Nr Tsane, G., University of Michigan. 

Pace, Irvine H., Chemist, Eli Lilly & Co., Indianapolis. 

Sampson, Myra M., Assistant Professor of Zoédlogy, Smith College. 

SmitH, Homer W., Eli Lilly & Co., Indianapolis. 

Situ, Car.otta G., Eli Lilly & Co., Indianapolis. 

Wottr, Nat S., Rochester, N. Y. 


INDEPENDENT INVESTIGATORS—Botany. 


Brooxs, SuMNER C., Hygienic Laboratory, United States Public Health Service. 

Brooks, Mrs. S. C., Hygienic Laboratory, United States Public Health Service. 

Gates, Recinatp R., Professor of Botany, Kings College, University of 
London. 

Harper, R. A., Professor of Botany, Columbia University. 

Hazen, Tracy E., Assistant Professor of Botany, Columbia University. 

InMAN, O. L., Harvard University. 

Jones, Lewis R., Professor of Plant Pathology, University of Wisconsin. 

Lewis, Ivey F., Professor of Biology, University of Virginia. 

Moore, Greorce T., Director Missouri Botanical Garden, St. Louis, Mo. 

OsterHovuT, WintHROP J. V., Professor of Botany, Harvard University. 

Puitiips, Everett F., Apiculturist, Department of Agriculture, Washington. 

ScuraMM, J. R., Professor of Botany, Cornell University. 

TayLor, WiLt1aM R., Instructor in Botany, University of Pennsylvania. 


BEGINNING INVESTIGATORS—Botany. 


DeBorp, Greorce G., Research Fellow in Hygiene, Harvard Medical School. 
Gersuay, ALEXANDER, Assistant in Botany, Columbia University. 
Hutcuinson, Dorotuy M., Auburn, Maine. 

Ketiey, Artaur P., Assistant in Botany, University of Pennsylvania. 
MacInnes, Frances J., Massachusetts Institute of Technology. 

Menesss, Laura, Radcliffe College. 
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Muenscuer, W. C., Instructor, Cornell University. 
Ray, Greorce B., Teaching Fellow, Harvard University. 
Situ, Epitn P., Edinburgh, Scotland. 


STUDENTS. 


1921. 
ZOOLOGY. 


Assott, Ev1zaseTH T., Vassar College. 

Apcock, Fiorence G., Student, Knox College. 

ALLAN, IsaBELLE, Hunter College. 

Anastasia, CaRMELA, Student, Connecticut College. 

ATLEE, JouN L., Jr., Student, Franklin and Marshall College. 
Benepix, Anes W., Teacher, Hunter College High School. 
Bennet, Acnes H., Student, Barnard College. 

Bottman, Loretta M., Instructor, Notre Dame College. 
Brown, Frances T., Oberlin College. 

Brown, Roranp W., Instructor, Pennsylvania Forestry School. 
Buttock, Emity W., Laboratory Assistant, Mount Holyoke College. 
Cater, Dorotny A., University of Chicago. 


Cuase, Rutu W., Assistant in Zodlogy, University of Wisconsin. 


CorNELL, MILpRED, Student, Knox College. 

CounciL, Frank E., Instructor, Texas Christian University. 
Davipson, Joun G., Principal, Delmont High School. 
EmmMart, Emirty W., Student, Goucher College. 

Everett, M. Gertrupve, Student, Knox College. 

FisHer, Mary J., Instructor in Zodélogy, Cornell University. 
FLexner, Louis B., Student, University of Chicago. 

Geer, Gertruve H., Student, Sweet Briar College. 

Gornc, Etten M., 130 McTavish St., Montreal, Canada. 
Grecc, Mase J., Assistant in Zodlogy, University of Wisconsin. 
Grecory, ALLENE, Washington, D. C. 

Huser, Cuartes B., Student, Franklin and Marshal! College. 
Hustep, GLenn, Student, Illinois Wesleyan University. 
Ives, FLorence B., Sweet Briar College. 

Jounson, Atrrep M., Student, Wabash College. 

Jorpan, Epwin P., Student, University of Chicago. 

Joy, Epwarp A., Instructor in Biology, Tufts College. 
Lincoin, N. Stantey, Student, Wesleyan University. 
McCaa, Fanny, Assistant Instructor, Agnes Scott College. 
McCarty, Saran H., Student, Barnard College. 

McGavran, Epwarp G., Student, Butler College. 

Markee. Lois E., Student, Knox College. 

Maszpacnu, Henrietta, Student, Goucher College. 
Mepweperr, Minnie V., Goucher College. 
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Murray, Marcaret R., Student, Goucher College. 

Myers, Everett C., Student, Adelbert College, Western Reserve University. 

NicuHots, Exv1zaBetTu, Student, Agnes Scott College. 

Nicuoits, Ruopa, Student, Wellesley College. 

Pett, Orie A. H., 112 East 74th St., New York City. 

Scott, Heren M., Instructor, Illinois Wesleyan University. 

SmitH, Asicait E., Student, Wellesley College. 

Stewart, Dorotuy R., Mount Holyoke College. 

Stott, Ione, Student, Hunter College. 

Uncer, W. Byers, Instructor in Biology, Lafayette College. 

VREELAND, MAEBELLE, Student, Western State Normal School. 

Wicks, Nina A., Student, Knox College. 

Witson, Constance C., Student, Wellesley College. 

Woopueap, ArtuurR E., Professor of Chemistry and Biology, Western Mary- 
land College. 

Woopwarp, Mitprep, Student, Smith College. 


Younc, BenyaMIn P., Assistant Professor of Zodlogy, Cornell University. 
‘ 


PROTOZOOLOGY. 


Austin, Mary L., Laboratory Assistant in Zodlogy, Wellesley College. 
Buck, Rutu, University of Missouri. 

Burns, Rosert K., Assistant in Zodlogy, Yale University. 

Fry, Henry J., Assistant in Zodlogy Department, Columbia University. 
Green, Wi_MortH, Assistant in Zodlogy Laboratory, Washington University. 
LELAND, STANLEY J., DePauw University. 

MacDovcatt, Mary S., Head of Biology Department, Agnes Scott College. 
MARTINAGLIA, GIOVANNI, Rockefeller Institute, Princeton. 

Meteney, Grace C., Columbia University. 

MENNINGER WILLIAM C., Cornell University Medical College. 

MetcatF, Racuet V., Instructor, Mount Holyoke College. 


EMBRYOLOGY. 


BrsHop, MaseEt, Head of Department of Biology, Hood College. 
Botsrorp, E. Frances, Instructor in Physiology, Mount Holyoke College. 
BrarLey, Miriam E., Student, Mount Holyoke College. 

Bumpvus, Laurin D., Student, Brown University. 

Caszy, Gertruve U., Student, Simmons College. 

Drimicx, Gertruve P., Student, Smith College. 

Epincton, Rosert P., Student, Wabash College. 

Goutp, Atice, Technician in Public Health, Yale University. 
Grant, MApELInE P., Graduate Student, Radcliffe College. 
Gray, Jutius C., Williams College. 

Hartwe x, Ruopa A., Student. Mount Holyoke College. 
Heaton, Louise M., Student, Mount Holyoke College. 

Hitt, Constance A., Student, Connecticut College. 

Howarp, Netson J., Johns Hopkins University. 

Kiem, Ratpu A., Student, Haverford College. 
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Maui, Mary L., Johns Hopkins Medical School. 

Martin, Ear A., Student, College of the City of New York. 

McCray, Epira L., Cornell University Medical College. 

Myer, Georce A., Student, Johns Hopkins University. 

Nute, Bertnua E., 53 Hotchkiss Place, Torrington, Conn. 

O’Toore, Georce B., Professor of Philosophy, St. Vincent’s Archabbey. 
STILWELL, Frances, Student, Smith College. 

Titus, Jessie, Assistant, Long Island College Hospital. 

Urcuanco, Leopotpo B., Fellow in Entomology, University of the Philippines. 
WarRREN, WiLt1AM A., Student, Dartmouth College. 

Waternovse, Isaset R., Student, Mount Holyoke College. 

WituiaMs, S. Cutver, Wesleyan University. 

Yotton, Leroy W., Illinois Wesleyan University. 


PHYSIOLOGY. 


Barnes, Hivtpa, Student, Smith College. 

Brown, Atice L., Instructor in Zoélogy, Kansas State Agricultural College. 
CuHappourneE, Emity R., Bryn Mawr College. 

HausMANN, THEO. W., Instructor in Science, Concordia Collegiate Institute. 
HorrMan, Hannau G., Student, Barnard College. 

HuttMaN, Jennie E., Teacher of Biology, Omaha. 

LowMaN, Epitu, Student, Vassar College. 

Miturk1n, Net, Student, Johns Hopkins University. 

Ostunp, Rosert, University of Chicago. 

Pearse, Herman E., Jr., Student, University of Missouri. 

PINKERTON, FLoreNcE A., Student, Simmons College. 

RATHBONE, JOSEPHINE L., Wellesley College. 

Trtpen, Evetyn B., Rockefeller Institute for Medical Research. 

Watters, Mary J., Goucher College. 

WesstTeErR, ELeanor F., Student, University of Pennsylvania. 

Wons, A. D., Oberlin College. 


Attending Morning Lectures only. 


Harper, Francis D., 5728 Woodlawn Ave., Chicago, III 
Van Duyne, S. Ettzasetu, Assistant Professor of Physiology and Hygiene, 
Goucher College. 


BOTANY. 


ApotpH, Mary B., 3408 Wallace St., Philadelphia. 
CHADBOURNE, ELisasBetu, Student, Smith College. 
Fercuson, Georce W., Student, Dartmouth College. 
Hunt, Catuerine T., Teacher, West Roxbury, Mass. 
HyYLANDER, CLARENCE J., Student, Yale University. 
Keere, ANSELM, St. Norbert’s College. 

Kemp, Marcaret, Student, Smith College. 

Lackey, James B., Jackson, Miss. 

MacCreicnutT, JEAN, 1358 Marlborough St., Philadelphia. 
MitcHeELL, Estuer, Student, Vassar College. 
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3. TABULAR VIEW OF ATTENDANCE. 


1918 1919 


INVESTIGATORS—T otal 93 134 


Independent : 
Zoology 
Physiology 
Botany 


Under Instruction: 
Zoology 
Physiology 
Botany 


StupENts—T otal 
Zodlogy 
Protozodlogy 
Embryology 
Physiology 
Botany 


Tota, ATTENDANCE 


INSTITUTIONS REPRESENTED—T otal 


By investigators ...........: 
By students 


SCHOOLS AND ACADEMIES REPRESENTED. 
By investigators ............ 2 


~ 


By students ... 
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4. SUBSCRIBING AND COOPERATING INSTI- 
TUTIONS IN 1921. 


BARNARD COLLEGE 

Bowpbo1n COLLEGE 

Bryn Mawr COLLEGE 

BuTLER COLLEGE 

COLLEGE OF PHYSICIANS AND SuR- 
GEONS 

CoLuMBIA UNIVERSITY 

CONNECTICUT COLLEGE 

CoRNELL UNIVERSITY 

CoRNELL UNIVERSITY 
COLLEGE 


MEDICAL 


CREIGHTON UNIVERSITY 

DARTMOUTH COLLEGE 

Er Litty & Co. 

FEDERAL Boarp oF VOCATIONAL 
EDUCATION 

GOuUCHER COLLEGE 

HARVARD UNIVERSITY 

Harvarp University MeEpIcAL 
SCHOOL 

HuNTER COLLEGE 

ItL1no1is WESLEYAN UNIVERSITY 

Jouns Hopkins UNIVERSITY 

Knox COLLEGE 

MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

Mount Horyoxe COLLEGE 

NeELA RESEARCH LABORATORY 

OBERLIN COLLEGE 


PRINCETON UNIVERSIT? 


RADCLIFFE COLLEGE 

ROCKEFELLER FOUNDATION 

ROCKEFELLER INSTITUTE FOR MEp- 
ICAL RESEARCH 

Simmons COLLEGE 

SMITH COLLEGE 

Turts COLLEGE 

UNIVERSITY OF CHICAGO 

UNIVERSITY OF CINCINNATI 

UNIVERSITY OF 

UNIVERSITY 


ILLINOIS 
KANSAS 
UNIVERSITY OF MICHIGAN 
UNIVERSITY OF MIssouRI 
UNIVERSITY OF NEBRASKA 
UNIVERSITY OF PENNSYLVANIA 
UNIVERSITY OF PHILIPPINES 
UNIVERSITY OF VIRGINIA 
UNIVERSITY OF WISCONSIN 
VASSAR COLLEGE 
WaBASH COLLEGE 
WASHINGTON UNIVERSITY 
WESLEYAN UNIVERSITY 
WELLESLEY COLLEGE 
WESTERN RESERVE UNIVERSITY 
WESTERN STATE NorMAL SCHOOL 
WILLIAMS COLLEGE 
WisTaR INSTITUTE OF ANATOMY 
AND BIOLOGY 


YALE UNIVERSITY 


SCHOLARSHIP TABLES. 


Tue Lucretia CrocKER SCHOLARSHIPS FOR TEACHERS IN 
SINcE 1888. 


Boston, 


SCHOLARSHIP OF $100.00, SUPPORTED BY A FRIEND OF THE LABORATORY, 
SincE 1898. 

THE New Lonpon BRANCH OF THE AMERICAN ASSOCIATION OF UNI- 
VERSITY WoMEN, SINCE 1920. 
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5. EVENING LECTURES, tg21. 


Friday, July 1, 

Dr. W. J. V. OsteRHOUT 
Tuesday, July 5, 

Dr. E. R. Crark 


Friday, July 8, 
Dr. Gary N, CALKINS 


Tuesday, July 12, 
Dr. R. S. LILyie 


Friday, July 15, 

Dr. WALLACE O. FENN 
Tuesday, July 19, 

Dr. E. V. Cowpry 


Friday, July 22, 
Dr. G. H. A. Clowes 


Tuesday, July 26, 
Dr. H. H. DONALDSON........... 
Friday, July 29, 


Te Es We OS noc ces voce ; 


Tuesday, August 2, 
Mr. Wo. L. UNDERWOOD 


~ 


Friday, August 5, 


De: 3h: Be: SOGOU: 5 kiccncassce : 


Monday, August 8, 
Dr. S. C. Brooks 


‘Injury and Recovery.” 


“The Reaction of Living Cells in 
the Tail of the Frog Larve to 
Foreign Substances.” 


“Differentiation and Vitality in 
Protozoa.” 


‘The Conditions of Growth 
Living and in Non-living Sys- 
tems.” 


in 


‘ Phagocytosis.” 


“The Conflict between Old and 
New Medicine in China.” 

“Some Physical Chemical Con- 

cepts of Protoplasmic Structure.” 


“Rat Studies.” 


‘The Significance of the Cambium 
in the Investigation of Certain 
Cytological 
Problems.” 


and Physiological 


‘Adventures of a Sage-brush 


Tourist in Wyoming.” 


‘History from the Standpoint of 
the Second Law of Thermo-dy- 
namics.” 


“Immunity and Ultra-violet Light.” 
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6. THE ORGANIZATION AND POLICIES OF 
THE MARINE BIOLOGICAL LABORATORY. 


The Marine Biological Laboratory is an outpost of the higher 
educational and research institutions of the country. Representa- 
tives of such institutions are eligible to membership in the con- 


trolling body, the Corporation of the Marine Biological Labora- 
tory, composed of over 400 persons, mostly biologists. Institu- 
tions also have further control and interest through their ability 
for a moderate sum to use assigned quarters for members of their 
staff or student body. They may thus from year to year continue 
to occupy the same quarters and possess veritable extra-territorial 
control. The Laboratory actually belongs to the biologists and 
through them to their institutions. The function of the adminis- 
tration of the Laboratory is the execution of a trust held for com- 
mon use. 

The organization thus provides for a nominal sum facilities that 
would cost each institution many times the amount to provide inde- 
pendently. This is important even for the largest institutions, and 
indispensable for all the smaller institutions that aim to maintain 
the research spirit of members of their staffs. 

1. Organization.—The Marine Biological Laboratory is an inde- 
pendent Corporation operating under its own charter. The act of 
incorporation of the Marine Biological Laboratory and the By- 
laws of the Corporation are printed in each of the Annual Reports. 
The membership of the Corporation and of the Board of Trustees 
is also printed in the same places. The Corporation meets on the 
second Tuesday in August each year at the Laboratory. At each 
annual meeting it elects eight trustees to serve four years, and a 
Treasurer and Clerk of the Corporation who are ex officio mem- 
bers of the Board of Trustees; the Director and Assistant Director, 
who are appointed by the Trustees, are also ex officio members of 
the Board. 

The Trustees, who are mostly biologists selected for their scien- 
tific attainments, have the control and management of the affairs 
of the Corporation; they, on their part, delegate most of their 
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functions to an executive committee of five members, including the 
Director and Assistant Director ex officio. 

The membership of the Corporation represents all important 
phases of biological research and most American institutions in 
which such work is done. Any competent investigator qualified 
for admission to the principal national research societies in Biology 
is eligible for membership, which is also open to other persons 
willing and qualified to render useful service to the Corporation. 
(See rules of eligibility in the records of the Clerk of the Cor- 
poration.) The ultimate control and ownership of the Labora- 
tory is vested in the Corporation. 

2. Purpose-—The primary purpose of the Marine Biological 
Laboratory is the advancement of Biological Science. This is the 


first consideration in every matter of policy. The scope is con- 


ceived as broad as the field of biology, but the aim is to promote 
the fundamental and more general rather than the systematic and 
more special problems. The fundamental problems trace back to 
the cell, and are based ultimately on physics and chemistry; they 
thus require some of the special equipment of both of these fields. 
Considerations of pure science are primary and those of utility 
secondary, though recognized as important. Thus the work of the 
Laboratory bears important relations to medicine, agriculture, 
fisheries, and economic biology. 

3. Research.—Individual research is the foundation of all ad- 
vance in science. Hence all policies of the Laboratory are directed 
toward the investigator with the object of furnishing him oppor- 
tunities, facilities, and freedom for research. 

The Laboratory has no set program of research as an institution, 
but aims to be hospitable to all branches of biological science; it 
should thus reflect and stimulate progress in all directions, if not 
simultaneously, at least in the course of time. 

It is the policy of the Laboratory to favor such forms of codp- 
eration in research as develop naturally. The mere association of 
sO many investigators as meet annually at the Laboratory inevitably 
develops codperative relations of various kinds, and this is re- 
garded as one of the most valuable results of the organization. 

Investigators are admitted to the Marine Biological Laboratory 
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on the judgment of the Director as to their fitness to make good 
use of the facilities offered. 

Two classes of investigators are recognized: those who work 
independently, and those receiving instruction in investigation. 

Investigators’ fees are generally paid by the institution to which 
the investigator belongs, but it is at the discretion of the Director 
to admit any investigator without charge, and it has never been the 
policy to refuse admission to any independent investigator solely 
on the issue of a fee. 

The more experienced investigators, or a selected group thereof, 
guide the research of beginning investigators. No group in the 
organization will be of more significance for the future of the 
Laboratory than beginners in research. 

Admission to the Laboratory is not limited by considerations of 
nationality. It has become desirable to pursue a positive instead 
of a merely passive or negative attitude in the matter of inter- 
national representation. 

The Laboratory is open to investigators throughout the year. 

The Laboratory is open on the same terms to both sexes. 

4. Instruction.—In pursuit of the primary purpose of the Labo- 
ratory it is essential that provision should be made for the produc- 
tion and training of investigators. It is important that a certain 
part of such provision should be in the Laboratory itself. Hence 
instruction of a strictly professional character is also a settled 
policy of the Laboratory. Experience has shown that instruction 
may be overemphasized to the detriment of research; hence the 
policy of the Laboratory is to limit the courses of instruction of- 


fered (only five for many years), to require fees adequate to pay 
all the expenses of instruction, to limit the numbers registered in 


each course, and to admit no one without satisfactory recom- 
mendations. 


The intellectual atmosphere of the Laboratory is favorable in 
the highest possible degree to the development of the research 
spirit in young students. For their own sake and for the sake of 
the future development of biology they should not be excluded 
from the Laboratory. 

In the case of all courses offered, the facilities of the Laboratory, 
whether of personnel or material, are such as to guarantee that 
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they may be offered to greater advantage here than elsewhere. 
There is no attempt to duplicate university or college courses. 

The Laboratory assigns no grades in courses and sets no exam- 
inations. The Laboratory will therefore not certify to attainments 
in any course, but individual instructors are at liberty to do so on 
their own responsibility. 

Instructors in courses are selected primarily for their interest in 
and qualifications for research. 

Salaries of instructors are calculated to pay expenses of travel 
and living only for the duration of the course. 

The number of instructors in courses is sufficient to leave each 
one adequate time for his own research. 

Courses of instruction are given only during six weeks in the 
summer. 

5. Cooperating Institutions—The organization of the Labora- 
tory, being primarily a codperative society of biological investi- 
gators and of the institutions that they represent, is such that a 
system of subscribing and cooperating institutions has been grad- 
ually developed (see p. 302) ; these relationships should be further 
extended and strengthened. 

As far as possible the same space is reserved in successive years 
for the codperating institutions. But, except where definite con- 


tracts exist, the assignment of space is at the discretion of the 
Director. 


The Laboratory aims to be an outpost of the biological depart- 
ments of universities, colleges, and research laboratories ; each has 


its part in the Laboratory according to its needs and acquired 
rights. 


6. Financial—In general, it is the aim of the Laboratory to 
make all departments except research self-supporting. The Labo- 
ratory should depend as little as possible upon actual endowment 
and as much as possible upon earnings and good will. It is the 
policy of the Laboratory to have endowment funds held in trust. 

The financial administration should be such as to secure confi- 
dence; to this end there is a complete accounting system for all 
income and expenditures and an annual audit by a firm of auditors, 
which is published each year. 

A budget estimate is prepared in December of each year for the 
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year following and submitted to the Board of Trustees, or Execu- 
tive Committee, for consideration. 

7. Staff —The Assistant Director and operating staff on annual 
appointments receive their livelihood from the Laboratory; the 
salaries should be ample in order to secure the best men. 

The scientific staff on the research side serves without salary; 
salaries of instructors are calculated to pay expenses of travel and 
living for the duration of the course. 

There is no permanent scientific staff. The establishment of 
such a staff would tend to endanger the principle of freedom of 
development for all branches of biology by favoring a few. It 
would also set the Laboratory in competition with universities and 
research institutions for men and weaken the spirit of cooperation 
of such institutions. It would favor a few individuals at the ex- 
pense of the many. 

8. The Supply Department serves primarily to obtain and dis- 
tribute living materials for research within the institution; class 
supplies are also furnished. This service is furnished without 
additional fee to investigators and students. This is an essential 
part of the organization. It saves the time of the investigators 
and through intelligent collecting depletion of the grounds is safe- 
guarded. 

The major part of the work of the Supply Department is, how- 
ever, to furnish biological supplies to institutions. It is the policy 
to develop this business as far as possible. The main advantages 
are: (1) The profits from sales are an important item of income. 
(2) The business is continuous throughout the year, and the Labo- 
ratory is thus enabled to keep together a permanent skilled staff 
of collectors. (3) A real service is rendered to biological educa- 
tion and research by providing a source of standardized and reliable 
material of many kinds. (4) This service constitutes an impor- 
tant item of good-will. 

9g. The Department of Chemical Supplies.—In general, it is the 
function of this department to furnish all standard apparatus and 
supplies ordinarily used in the work of investigation at the Labo- 
ratory with no additional charge. Exceptions are noted in the 
printed rules of the department. Microscopes, microtomes, and 
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‘special’ apparatus and reagents are not furnished. The policy 
is summed up in “ service to the investigator.” 


10. The Library,—lIt is the policy of the Laboratory to develop 
the best possible library for current biological research. Books of 
historical interest only are regarded as secondary in importance. 


The development of this policy will involve the establishment of a 
very large library in the course of time, and this should be pursued 
as rapidly as possible. 

11. The Mess is conducted for the benefit of investigators and 
students. Rates are calculated to pay the cost of operation, equip- 
ment, rent, and upkeep in general, and not for profit. 

Rules and regulations have been established governing its use. 
These are subject to revision by the Executive Committee of the 
Laboratory at any time. 

12. Housing Facilities—The housing facilities furnished by the 
Laboratory are calculated to meet the deficit in the local supply and 
to keep local prices at a reasonable rate. As the local provision 
has become progressively less adequate, it has been necessary to 
make increasing provision for workers. The purchase of the 
Gansett property, twenty acres within a mile of the Laboratory, 
was determined by this consideration. The development of the 
Laboratory obviously depends upon adequate housing facilities at 
reasonable rates. 

13. Biological Bulletin—One of the policies of the Laboratory 
should be to aid in the provision of adequate means for publication 
of biological research in America. The establishment of the B1o- 
LOGICAL BULLETIN in 1899 was in pursuit of this policy; it is now 
in its forty-first volume. A larger responsibility should be under- 
taken as soon as means permit. 

14. Future Development.—The policy of attempting adequately 
to represent biological research in America by free association of, 
and government by, the investigators themselves determines all 
questions of future development. The next step will generally be 
apparent, as, for instance, the present need of a biophysical and 
biochemical laboratory, and of a building for library, administra- 
tion, and auditorium. It is the policy of the Laboratory to be 
ready for advance by the nature and morale of its organization and 
by control of sufficient land. 
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7. MEMBERS OF THE CORPORATION. 


1. Lire MEMBERS. 


Attis, Mr. E. P., Jr., Palais Carnoles, Menton, France. 

ANDREWS, Mrs. GWENDOLEN FouLkE, Baltimore, Md. 

Briiuincs, Mr. R. C., 66 Franklin St., Boston, Mass. 

Carey, Mr. Artuur Astor, Fayerweather St., Boston, Mass. 

CLARKE, Pror. S. F., Williamstown, Mass. 

ConKLIN, Pror. Epwin G., Princeton University, Princeton, 
N. J. 

Crane, Mr. C. R., Woods Hole, Mass. 

Evans, Mrs. GLENDOWER, 12 Otis Place, Boston, Mass. 

Fartow, Pror. W. G., Harvard University, Cambridge, Mass. 

Fay, Miss S. B., 88 Mt. Vernon St., Boston, Mass. 

Fotsom, Miss Amy, 88 Marlboro St., Boston, Mass. 

Foot, Miss KATHERINE, 955 Park Ave., New York City, N. Y. 

GARDINER, Mrs. E. G., Woods Hole, Mass. 

GARDINER, Miss Evcenia, 15 W. Cedar St., Boston, Mass. 

Harrison, Ex-Provost C. C., University of Pennsylvania, Phila- 
delphia, Pa. 

Jackson, Miss M. C., 88 Marlboro St., Boston, Mass. 

Jackson, Mr. Cuas. C., 24 Congress St., Boston, Mass. 

Kipper, Mr. NATHANIEL T., Milton, Mass. 

Kine, Mr. Cuas. A. 

Ler, Mrs. Freperic S., 279 Madison Ave., New York City, N. Y. 

Lowe i, Mr. A. LAwRrENCE, 17 Quincy St., Cambridge, Mass. 

Marrs, Mrs. Laura Norcross, 9 Commonwealth Ave., Boston, 
Mass. 

Mason, Miss E. F., 1 Walnut St., Boston, Mass. 

Mason, Miss Ina M., 1 Walnut St., Boston, Mass. 

MEANS, Mr. JAMEs Howarp, 196 Beacon St., Boston, Mass. 

MERRIMAN, Mrs. DANIEL, 73 Bay State Road, Boston, Mass. 

Minus, Miss Susan, 14 Louisburg Square, Boston, Mass. 

Minns, Mr. Tuomas, 14 Louisburg Square, Boston, Mass. 

Morcan, Mr. J. Prerpont, Jr., Wall and Broad Sts., New York 
City, N. Y. 
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Morcan, Pror. T. H., Columbia University, New York City, 
N. Y. 

Morecan, Mrs. T. H., New York City, N. Y. 

Noyes, Miss Eva J. 

Nuwn, Mr. Lucian L., Telluride, Colo. 

Osporn, Pror. Henry F., American Museum of Natural History, 
New York City, N. Y. 

PuItuips, Dr. Joun C., Windy Knob, Wenham, Mass. 

Puituirs, Mrs. Joun C., Windy Knob, Wenham, Mass. 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pa. 

PutsiFER, Mr. W. H., Newton Center, Mass. 

Rocers, Miss A. P., 5 Joy St., Boston, Mass. 

Sears, Dr. HENry F., 86 Beacon St., Boston, Mass. 

Suepp, Mr. E. A. 

Situ, Mrs. C. C., 286 Marlboro St., Boston, Mass. 

THORNDIKE, Dr. Epwarp L., Teachers College, Columbia Uni- 
versity, New York City, N. Y. 

TRELEASE, Pror. W1LL1AMm, University of Illinois, Urbana, III. 

Ware, Miss Mary L., 41 Brimmer St., Boston, Mass. 

Wuirtney, Mr. Henry M., Brookline, Mass. 


Witcox, Miss Mary A., Wellesley College, Wellesley, Mass. 
Witurams, Mrs. Anna P., 505 Beacon St., Boston, Mass. 
Witson, Dr. E. B., Columbia University, New York City, N. Y. 
Witson, Pror. W. P., Commercial Museum, Philadelphia, Pa. 


2. REGULAR MEMBERS, AUGUST, 1921. 


Appison, Dr. W. H. F., University of Pennsylvania Medical 
School, Philadelphia, Pa. 

Apams, Miss A. E., Mount Holyoke College, South Hadley, Mass. 

AcersporG, Mr. H. P. K., University of Illinois, Urbana, Il. 

AuLeE, Dr. W. C., University of Chicago, Chicago, Ill. 

ALLEN, Pror. Ezra, Ursinus College, Collegeville, Pa. 

Attyn, Miss Harriet M., 264 Jefferson Ave., New London, 
Conn. 

ALTENBURG, Dr. Epaar, Rice Institute, Houston, Texas. 

ANDpERSON, Dr. E. G., Carnegie Institution, Cold Spring Harbor, 
N. Y. 
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ATTERBURY, Mrs. Rutu R., College of Physicians and Surgeons 
New York City. 

BaITSELL, Dr. Georce A., Yale University, New Haven, Conn. 

3AKER, Mrs. L. D., 123 Chiswick Road, Boston, Mass. 

3AKER, Dr. E. H., 5729 Kimbark Ave., Chicago, III. 

3ALDWIN, Dr. F. M., Iowa State College, Ames, Iowa. 

Bancrort, Pror. F. W., Aloha Farm, Concord, Calif. 

BeckwiTH, Dr. Cora J., Vassar College, Poughkeepsie, N. Y. 

Bewre, Dr. Evinor H., Louisiana State University, Baton Rouge, 
La. 

BicELow, Pror. M. A., Teachers College, Columbia University, 
New York City. 

BicELow, Pror. R. P., Mass. Institute of Technology, Cambridge, 
Mass. 

Binrorp, Pror. Raymonp, Guilford College, Guilford College, 
N. C. 

BorrtnGc, Dr. Avice M., Wellesley College, Wellesley, Mass. 

Box, Miss Cora May, University of Cincinnati, Cincinnati, Ohio. 

Bowen, Dr. Rosert H., Columbia University, New York City. 

BrapLey, Pror. Harotp C., University of Wisconsin, Madison, 
Wis. 

Bripces, Dr. Carvin B., Columbia University, New York City. 

BruMFIEL, Dr. Daniet M., University of Iowa, lowa City, lowa. 

BuckINGHAM, Miss Epitu N., 342 Marlboro St., Boston, Mass. 

BupincTon, Pror. R. A., Oberlin College, Oberlin, Ohio. 

Bumpus, Pror. H. C., Brown University, Providence, R. I. 

Byrnes, Dr. Estuer F., 193 Jefferson Ave., Brooklyn, N. Y. 

CaLkins, Pror. Gary N., Columbia University, New York City. 

CALVERT, Pror. Puivip P., University of Pennsylvania, Phila- 
delphia, Pa. 

Cartson, Pror. A. J., University of Chicago, Chicago, IIl. 

CaroTHers, Dr. ELEANOR E., University of Pennsylvania, Phila- 
delphia, Pa. 

CARPENTER, Pror. FreDERIC W., Trinity College, Hartford, Conn. 

CARROLL, Pror. MircHet, Franklin and Marshall College, Lan- 
caster, Pa. 

Carver, Pror. Gait L., West Lake, Ga. 

Cary, Dr. L. R., Princeton University, Princeton, N. J. 
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Casey, CoLonet Tuomas L., Washington, D. C. 

CasTEEL, Dr. D. B., University of Texas, Austin, Texas. 

CaTTELL, Pror. J. McKeen, Garrison-on-Hudson, N. Y. 

CaTTELL, Mr. McKeen, Harvard Medical School, Boston, Mass. 

CHAMBERS, Dr. Rosert, Jr., Cornell University Medical College, 
New York City. 

CHARLTON, Dr. Harry H., University of Missouri, Columbia, Mo. 

CuHIpesTer, Pror. F. E., West Virginia University, Morgantown, 
W. Va. 

CuiLp, Pror. C. M., University of Chicago, Chicago, III. 

Ciapp, Pror. CorneLIA M., Mount Holyoke College, South Had- 
ley, Mass. 

CiarK, Pror. E. R., University of Missouri, Columbia, Mo. 

Cowes, Pror. G. H. A., Eli Lilly Co., Indianapolis, Ind. 

Cor, Pror. W. R., Yale University, New Haven, Conn. 

Conn, Dr. Epwin J., 25 Follen St., Cambridge, Mass. 

Cote, Dr. Leon J., College of Agriculture, Madison, Wis. 

Couttett, Dr. Mary E., University of Buffalo, Buffalo, N. Y. 

Cotton, Pror. H. S., Ardmore, Pa. 

Coo.ipce, Mr. C. A., Ames Building, Boston, Mass. 

CopELAND, Pror. MANTON, Bowdoin College, Brunswick, Maine. 

CouTant, Mrs. Mary W., Barnard College, Columbia University, 
New York City. 

Cownry, Dr. E. V., Rockefeller Institute, New York City, N. Y. 

Crampton, Pror. H. E., Barnard College, Columbia University, 
New York City. 

Crane, Mrs. C. R., Woods Hole, Mass. 

Curtis, Pror. W. C., University of Missouri, Columbia, Mo. 

Curtis, Dr. Maynie R., Crocker Laboratory, Columbia Univer- 
sity, New York City. 

DaANCHAKOFF, Dr. VeRA, College of Physicians and Surgeons, 
New York City. 

Davis, Dr. Donatp W., College of William and Mary, Williams- 
burg, Va. 

Davis, Pror. BRapLey M., University of Michigan, Ann Arbor, 
Mich. 

Davis, Dr. Atice R., Harvard Medical School, Boston, Mass. 

Dawson, Dr. J. A., Dalhousie University, Halifax, Nova: Scotia. 





314 TWENTY-FOURTH REPORT. 


DeperER, Dr. Pauttne H., Connecticut College, New London, 
Conn. 

Derick, Pror. Carrie M., McGill University, Montreal, Canada. 

Dexter, Dr. J. S., University of Saskatchewan, Saskatoon, Sas- 
katchewan. 

Dopps, Pror. G. S., Medical School, University of West Virginia, 
Morgantown, W. Va. 

Dona.pson, Pror. H. H., Wistar Institute of Anatomy and Biol- 
ogy, Philadelphia, Pa. 

Donatpson, Dr. Joun C., University of Pittsburgh, School of 
Medicine, Pittsburgh, Pa. 

Drew, Pror. GILMAN A., Marine Biological Laboratory, Woods 
Hole, Mass. 

Duncay, Dr. Netx S., Carleton College, Northfield, Minn. 

Dunn, Dr. Exvizasetu H., Woods Hole, Mass. 

Epwarps, Dr. D. J., Cornell University Medical College, New 
York City. 


EIGENMANN, Pror. C. H., University of Indiana, Bloomington, 
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STUDIES ON THE NECESSITY OF THE BRAIN FOR 
THE INCEPTION OF INSECT METAMORPHOSIS. 
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A. The influence of the brain on the inception of the metamorphotic 
processes 


B. The nature of the influence exerted by the brain on the course of 
metamorphosis 


C. The independence of the further processes of metamorphosis 
D. General conclusions and summary 


Gudernatsch (’12, ’14) was the first to describe the acceleration 
of metamorphosis in tadpoles fed on thyroid. These results were 
confirmed for different amphibians by Laufberger (’13), Cotronei 
(14), Brendgen (’14), Abderhalden (’15, ’19), Kaufman (’17, 
18), Kahn (’16), Hirschler (’18—19), etc., and first of all by 
Romeis (’14-"19). Adler (’16) ascertained that changes of tem- 
perature of the environment cause changes of celerity of meta- 
morphosis in tadpoles, together with simultaneous differences in 
the structure of the thyroid. 

The results of the investigations of Loeb (’96) and Wintrebert 
(’o5-’11), who cut the spinal cord or the nerves of larve, contra- 
dict the influence of the brain on metamorphosis of amphibians, or 
at least the influence by means of nerves. On the other hand, 
Babak (’05) examined the brain of the toad and came to the con- 
clusion that the hind part of the brain affects metamorphosis, since, 
when it is removed, the processes are arrested. He lays stress on 
the fact that the removal of the brain effects the changes described 
only in case the animal is operated upon before the first pair of 
limbs have grown. Babak (’13) believes that here we have the 
influence of hypophysis by means of chemical stimuli. Guder- 


1 Paper from the Embryologico-Biological Laboratory, Jagellonian Univer- 
sity, Cracow, Poland, presented in the Acad. of Se., Cracow. Cf. Bull. Acad. 
d. Se. Cracovie, 1917. 
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natsch (’12, 14) by feeding tadpoles on hypophysis did not bring 
about—it is true—any changes in the rate of development, but 
there is no doubt that feeding experiments with a certain organ 
may be considered as decisive only if their results are positive, a 
fact which is not well understood by certain investigators. In fact, 
Adler (14), Smith (’16), and Allen (’16, ’17) confirm that the 
processes of metamorphosis in tadpoles are arrested by removal of 
the hypophysis, which, however, is accompanied by changes in the 
thyroid. On the other hand, Rogers (’18) and Larson (’19) de- 
scribed changes of the hypophysis brought about by removal of the 
thyroid in tadpoles, and Allen (’18) confirmed the fact that tad- 
poles deprived of their thyroid do not undergo metamorphosis. 
The question arises, therefore, whether the essential and decisive 
factor which regulates the transformation in those animals is the 
function of the hypophysis or of the thyroid. Hirschler (’18~’19) 
ascertained that metamorphosis is accelerated by injecting axolotls 
with iodoform or iodin. From the recent researches made by 
Swingle (’19a and b), who succeeded in transforming tadpoles 
deprived of their thyroid by feeding them on iodin with flour, as 
well as from his own analogous experiments, Allen (’19) draws 
the general conclusion that the metamorphosis of amphibians de- 
pends on iodin stored by the thyroid, and that its secretory function 
is regulated by the hypophysis. 

The relationship of the ganglia of the head to metamorphosis in 
insects has been studied by Conte and Vaney (’11). These authors 
made ligatures between the head and the body of caterpillars of 
Lymantria dispar L. and obtained adult moths. They infer from 
their experiments that the ganglia of the head are of no importance 
for these processes. The following pages show, however, that 
their conclusion is false. We shall see that the brain (ganglion 
supra-cesophageale) exerts a great influence. on metamorphosis of 
insects, and the cause of the erroneous conclusion will be clearly 
explained. 


If we wish to investigate the relation which probably exists be- 


tween the nervous system and the processes of metamorphosis of 


insects, we must first of all decide whether, after the removal of 
single parts of the nervous system, the rate of metamorphosis is in 
general the same as in normal animals, whether it undergoes ac- 
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celeration or retardation, or whether it is completely arrested. The 
problem was to find out a possibly well-defined center which would 
have a more or less decisive influence on the time of inception or on 
the rate of metamorphosis. Further, we must consider the means 
by which this hypothetical influence could act on the processes of 
metamorphosis. The mechanism of this influence ought to be 
studied by means of special experiments, and the time at which the 
influence begins to act ought to be found out. In order to answer 
this question, I operated on female caterpillars of Lymantria dispar 
L. after their last moult. Thus I was able to consider only the 
processes of the pupation of caterpillars and the emergence of the 
adult moths, without taking into consideration the processes of the 
larval moult. 


It must be distinctly remarked that the whole material, experi- 
mental as well as that used as a control, came from eggs of one 
female only. All the caterpillars were reared in precisely identical 
conditions. Moulting, pupation, and emergence of moths were 
controlled every 12 hours; thus the error in determining the length 
of life of caterpillars and chrysalids (see Tables I. and II.) could 


not exceed 24 hours. 
As to the methods of removal of single ganglia, cf. operations in 
my former paper (Kopeé, ’18). 


A. Tue INFLUENCE OF THE BRAIN ON THE INCEPTION OF THE 
PRrocEsSES OF METAMORPHOSIS. 


The behavior of caterpillars of Lymantria dispar L. deprived of 
their brain (ganglion supra-cesophageale) allows us to draw the 
conclusion that this ganglion has a quite specific quality, very im- 
portant to the whole organism, and characterizing the brain as an 
organ which excites histolytical processes in the caterpillar and 
regulates the time of inception of the general processes of pupa- 
tion. Let us consider the data given in Table I., which refer to 
the pupation or to the death of caterpillars, whether normal, brain- 
less, or those used as a control, viz., specimens which have been 
injured in the same manner as the caterpillars deprived of their 
brain, and which, in spite of the presence of the brain, refused food 
as well as the brainless specimens. All these specimens (exclu- 
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sively females) were operated upon on the seventh day after their 
last moult and lived under the same conditions of heat, light, and 
humidity. We see that out of 25 brainless caterpillars only 5 
underwent pupation, and in these the instant of beginning pupation 
exhibits a certain retardation in comparison with the behavior of 
the specimens used as acontrol. It is evident that the majority of 
the brainless caterpillars did not undergo metamorphosis, remained 
alive for weeks, and did not die until the whole store of fat in 
their body had been completely exhausted. Large full-blooded 
and fat caterpillars of 4-5 cm. in length become small during this 
period, and were often scarcely 1 cm. long in their final state. At 
the same time their bodies shrank and almost completely dried up, 
their movements became fainter and fainter, until at last they died. 
Caterpillars deprived of their brain do not, as a rule, die after the 
operation as a result of any disease induced by the removal of the 
brain, but, on the contrary, they live relatively very long. Only a 
few specimens die soon after operation as a consequence of me- 
chanical injuries taking place during the removal of the brain. 
The essential difference between these insects and those used as a 
control lies only in the fact that histolytical processes subsequently 
followed by metamorphosis can begin only in animals the brain of 
which has exerted a proper stimulus at the proper time. It is cer- 
tain that the few brainless caterpillars which succeeded in becoming 
pupz attained the stage only because the brain had already in- 
fluenced the tissues before its removal. In this function, too, the 
animals exhibit individual fluctuations ; here we evidently see speci- 
mens in which the brain had begun to perform its stimulative part 
very early, or had exerted it very quickly. It ought to be admitted 
that, if we could succeed in feeding brainless specimens, their life 
could be still longer. These caterpillars, however, would probably 
not undergo metamorphosis. 


The opinion that the brain is of importance for metamorphosis 
is supported by the following observations, which prove also that 
the influence discussed sets in at a somewhat definite period, viz., 
in females of Lymantria dispar L. in my breed between the seventh 
and tenth day after their last moult. Let us observe the behavior 
of the caterpillars which were deprived of their brain not on the 
seventh day after the last moult as in investigations hitherto con- 
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sidered, but three days later. From Table II. it is evident that 
here the percentages are quite different: almost all caterpillars 
undergo pupation. The specimens which did not succeed in be- 
coming pupz live no longer than the normal larve and their death 
evidently results from the injuries of the operation. In this case 
the metamorphosis of the caterpillars operated upon does not 
undergo any retardation. 

The above-mentioned experiments of Conte and Vaney (’I1) 
must have been performed on such older specimens. In my pre- 
vious paper (Kopec, ’12), in which, like the authors mentioned, I 
stated that the nervous system is unimportant up to the time of 
pupation, I relied only on full-grown specimens; in view of my 
present data, the former opinion can no longer be upheld. It 
follows from further operations that none of the other nervous 
ganglia (in contrast to the brain) has any influence on the time of 
pupation. 

The dependence of the metamorphosis of the insect on its brain, 
already discussed, and its independence of the other ganglia, may 
be observed in one and the same specimen by means of a special 
method of cutting the caterpillars. Having made ligatures with 
strong silk round the body of the caterpillar into places chosen ad 
libitum, and having made a section between the ligatures, we may 
obtain two separate parts from one caterpillar, both of which are 
able to live. For instance, in one series of experiments the cater- 
pillars were operated upon 7 days after their last moult, and it 
was found that the parts composed of the head and a few segments 
of the larval body attained the stage of pupation in from 7 to 9 
days after the time of operation. Larger or smaller parts of the 
hind segments of the body devoid of the brain did not succumb till 
35 days after the operation, but at death they exhibited no traces 
of histolytical processes. When caterpillars a few days older were 


operated upon both fragments underwent pupation at the normal 
time. 


B. THe NATURE OF THE INFLUENCE EXERTED BY THE BRAIN ON 
THE CourRSE OF METAMORPHOSIS. 


If the influence exerted by the brain on the course of meta- 
morphosis were by means of nerves, it might be supposed that the 
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removal of the subcesophageal ganglion would have the same effect 
as the removal of the brain, as in this case the continuity between 
the brain and the remainder of the central nervous system is dis- 
turbed. But the corresponding data of Tables I. and II. prove 
that in this case the insects behave normally. The behavior of 
insects which have been deprived of two or three successive ganglia 
of the thorax or of the abdomen was also similar: both parts of 
the body, the part situated in front of the place of operation and 
that behind it, attained the stage of pupation simultaneously, al- 
though the connection between the central nervous system of the 
two parts had been quite destroyed. After several trials, I con- 
vinced myself that processes of regeneration never occur, such as 
would be able to produce a new nervous communication between 
the two parts. 

At most it must be admitted that the brain is connected with the 
part of the nervous system situated behind the place of operation 
by means of the “ intestinal nervous system,” which is composed of 
very small ganglia lying in the tissue surrounding the cesophagus 
and connected in front with the brain. (The “sympathetic nerv- 
ous system” of the caterpillar undergoes rupture during the re- 
moval of the ganglia of the nervous chain. For corresponding 
anatomical data see the paper of Cattie, 80.) Owing to the un- 
usually small size of the intestinal system, it was impossible to 
study it in greater detail by operating. On the other hand, I do 
not consider it possible that any nervous conduction between the 
two parts of the larval body operated upon can take place, since I 
observed several times that the part of the body behind the seg- 
ment deprived of its nervous ganglion does not respond to any 
stimuli exerted on the fore-part of the caterpillar operated upon, 
and vice versa. The fore-segments of the operated body may be 
sharply pinched, injured, cut, or burned, still the hind part does 
not perform even the slightest movements referable to the stimuli, 
although under normal conditions even slight excitations of any 
part of the body produce violent reflexes. In regard to this, there 
seems to be no doubt that the fore-part of the body of the operated 
caterpillars is in no nervous connection with the part situated be- 
yond the place of operation. It is, therefore, most probable that 
the brain does not influence the general processes of metamorphosis 
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through the nerves, but that it has rather the function of an organ 
of internal secretion, in that it affects the organism by means of a 
substance (or substances) which may be supposed to pass into the 
blood of the caterpillar from the brain at a certain stage of the 
larval life. Experiments bearing on the transplantation either of 
the organized brain or of its matter might perhaps decide whether 
this conclusion is true. It is most probable that the chemical sub- 
stance (or substances) here acting is the ferment called “ thyrosi- 
nase,” the aggregation of which during the pupation of insects and 
the disappearance of which at the end of the pupal life has been 
previously noticed by Dewitz (’05, 16) and more recently by 
Steche and Waentig (’13). In his numerous papers Dewitz long 
ago ascribed an important “ rdle” to “thyrosinase” in metamor- 
photic processes. 

The mere observation that the brain has an influence on the 
inception of histolytical processes in the body of caterpillars gives 
no idea as to the physiological nature of this influence. The 
method of removal of the brain from the larval body was not 
adapted to ascertain whether the proper stimulus effected by the 
brain is the only factor which excites histolytical processes in the 
body of the caterpillar, or whether certain physiological changes 
which appear in the organism cooperate spontaneously and inde- 
pendently of the brain in the same direction. In other words, does 
the larval organism undergo metamorphosis exclusively because of 
the stimulus derived from the brain, or is the brain able to act only 
when certain physiological changes occur in the tissues of the cater- 
pillar, changes without which the influence of the brain must re- 
main powerless? The investigation in this direction had to be 
made by transplanting the organs of young caterpillars in which 
these hypothetical physiological changes in the tissues themselves 
had not yet occurred onto full-grown caterpillars, in which the 
influence of the brain on the excitement of metamorphosis might 
already be noticed. Should the grafted organs exhibit acceleration 
in their development as a consequence of their new surroundings, 
the metamorphosis of the insects would have to be considered as 
dependent primarily on the brain, the latter .having caused the 
transformation of the larval organs independently of their age or 
physiological development. Should this hypothesis prove false, 
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the codperation of stimulus of the brain and of the physiological 
conditions of larval tissues (without which the influence of the 
brain would have no effect) would appear to be indispensable. 

For these transplantations I used the sexual glands. The gonads 
of moths do not belong to those organs which develop in the 
chrysalis from the special imaginal discs; they are formed by the 
growth and histological changes of the small larval sexual glands 
whose existence has been observed for a long time in caterpillars. 
All four ovarial tubes of caterpillars hitherto contained in a con- 
nective tissue membrane and forming together with it one appar- 
ently globular body grow during the caterpillar’s pupation to such 
a degree that they break out of the membrane. In the testes, on 
the other hand, the characteristic high cylindrical epithelium which 
lines the interior of that part of the developing spermiduct adjacent 
to the testicles is formed at that period from the uniform mass of 
imperfectly separated cells situated at the base of the gland. At 
the same time the testicle shrinks considerably and its contents 
become much compacter. I mention these facts in somewhat 
greater detail than usual in order to emphasize that, although they 
do not develop from imaginal discs, the sexual glands exhibit cer- 
tain distinct evolutive changes during their development. As a 
consequence of this the study of the behavior of the organs after 
the transplantation is quite suitable for our present purpose. The 
ovaries and testicles of caterpillars after the third or fourth moult 
were transferred to full-grown caterpillars which were to undergo 
pupation in a few days. Hence, in these caterpillars, the substance 
which excites ‘histolytical processes had already passed over from 
the brain into the body. It was found that the rate of evolution 
of the testes and the ovaries grafted remained unchanged, notwith- 
standing the new surroundings in which the processes of meta- 
morphosis were just beginning or had already begun. From this 
follows the important conclusion that the stimulus of the brain is 
inadequate for metamorphosis of the separate organs of insects, 
and that it is only able to act when the organism, having attained 
a certain stage of development, is prepared physiologically to re- 
spond to the stimulus. 





INCEPTION OF INSECT METAMORPHOSIS. 333 


C. THe INDEPENDENCE OF THE FURTHER PROCESSES OF 
METAMORPHOSIS. 


I have already mentioned that the brain exerts an influence on 
the inception of processes of metamorphosis at a certain definite 
period of the larval life, in females of Lymantria dispar L. of my 
breed between the seventh and tenth day after their last moult. 
The question arises as to whether this influence, which excites the 
inception of histolytical processes in caterpillars, at the same time 
makes the further course of metamorphosis possible, leading to the 
formation of the imago; or whether brainless chrysalids are unable 
to become moths. When the caterpillar has been influenced by the 
brain sufficiently to undergo pupation, the further evolutive proc- 
esses, which take place in chrysalids, have been shown to occur 
independently of the brain. By comparing the data relative to the 
length of life of the chrysalids in various specimens (brainless, 
those used as standard, and normal) we see, moreover, that even 
the rate of formation of the imago from the chrysalis undergoes 
neither retardation nor acceleration when the brain is removed 
(cf. Tables I. and II.). If a caterpillar deprived of its brain 
undergoes pupation, the emergence of the moth from the chrysalis 
takes place at the normal time. The removal of the brain or of 
other ganglia has merely a local effect in that (as I want to point 
out in another paper) muscles are completely or almost completely 
absent in the corresponding segments. The absence of muscles, 
however, is the result of merely local correlation between the pres- 
ence of the imaginal muscles and that of the nervous ganglion in 
a segment of the body, but it has no connection with the influence 
under discussion—4.e., the influence of the larval brain on the whole 
histolytical and evolutive processes during the metamorphosis of 
insects in all tissues of the whole body. 

The following experiments were made to demonstrate the above 
principle, viz., that the further metamorphosis of insects, having 
once been excited by the influence of the brain, continues inde- 
pendently in a different manner. Evidence ought to be furnished 
by the metamorphosis of imaginal discs of single parts of the in- 
sectal body, if it should take place independently of the surround- 
ings to which they had been artificially transferred. According to 
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recent researches on the development of the Malpighian tubes in 
moths, the cells of the tubes of full-grown insects are derived 
directly from the cells of the larval tubes through certain physio- 
logical and morphological metamorphosis. (Cf. paper of Samson, 
’o8.) By grafting fragments of the larval Malpighian tubes into 
the head or thorax, I hoped to solve the problem as to whether the 
metamorphosis of these tubes might occur normally, in anomalous 
surroundings, even in the absence of a connection between the 
tubes and the intestine. Smaller or larger parts of the tubes taken 


Cc 


from various regions were grafted into the head or the thorax of 
the same caterpillar after the last moult of the animal: some of 
the caterpillars operated upon had just accomplished this moult, 
others had lived already 10 or 11 days after the last moult. In 
other cases the Malpighian tubes were transplanted from female 
caterpillars 10 days after their last moult into other caterpillars 
2 or 3 days after this moult. After a few days the ends of these 
implanted parts were healed up, and so the contents could no longer 
come out. In the adult insect or pupa I several times succeeded in 
detecting microscopically the presence of the implanted tubes, 
which were here not united with the intestine. The cells of the 
tube which developed in the head or the thorax (cf. Fig. A in text) 
exhibited different characters from those observed in the cater- 
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pillars (Fig. B), viz., they corresponded to the normal cells of 
tubes in the normal adult moth (Fig. C). Their height was far 
lower than in the larval stage of development, sometimes they were 
twice as low. Their nuclei, having a much more compact chroma- 
tine, and a flatter, non-ramified form, were situated nearer the base 
of the cells. The interior margin of the tubes was not so much 
notched as in the caterpillar. All these characters prove that the 
cells of the implanted tubes have undergone normal metamor- 
phosis. This metamorphosis of the Malpighian tubes is conse- 
quently independent of the function of this organ, as it is difficult 
to suppose that the tubes undergoing metamorphosis in hetero- 
geneous surroundings were able to realize their special function in 
the chrysalis and later in the adult moth, as they were unconnected 
with the developing intestine, completely grown together and al- 
ways filled with excrements previously formed during the larval 
life. If it could be proved without any objection that the Mal- 
pighian tubes which have been implanted into the head or thorax 
had no nervous junction in the new surroundings, the metamor- 
phosis of transplanted fragments of Malpighian tubes would be a 
further proof for the assertion made in the previous chapter that 
the brain exerts its influence by means of internal secretion. The 
probably unchanged rate of metamorphosis of the tubes transferred 
from caterpillars 10 days after their last moult into those 2 to 3 
days after this moult (thus from specimens in which the influence 
of the brain was already observable into specimens in which there 
was yet no such influence) points to the conclusion that tissues once 
stimulated by the brain to transformation undergo further meta- 
morphosis independently. 

Should this principle be of general importance, it would be ex- 
pected that the organs of much older caterpillars (a few days 
before pupation) grafted on the much younger caterpillars after 
the fourth moult (and therefore’some two to three weeks younger ) 
might also undergo further metamorphosis at the normal rate, in 
spite of the fact that the organs of the younger specimens do 
not as yet indicate the slightest trace of the histolytical processes. 
Transplantations of the germ of wings fully confirmed this hy- 
pothesis. I removed the germ of the first left wing from numer- 
ous caterpillars shortly before their last moult, and in its place I 
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grafted an analogous germ derived from a full-grown caterpillar, . 
which was to undergo metamorphosis in a few days. In two of 
the caterpillars somewhat large and black outgrowths—dwarfed 
and deformed wings—appeared on the place of grafting. In their 
uniformly dark hue and the thickness and markings of the chitin 
they formed a striking contrast to the bright-colored tegument of 
the caterpillar. (Cf. Fig. D.) The small size and the abnormal 


forms were doubtless caused by inevitable injuries of the delicate 
germ during transplantation, as well as by the difficulty of extract- 
ing the pupal wing from the moulting but not pupating caterpillar. 
Histologically the development of the pupal wings was normal. I 
have also formerly observed (Kopec¢, ’11) that the sexual glands 
of full-grown caterpillars develop at their normal rate when grafted 
on the caterpillar after their third or fourth moult. Such a be- 
havior of the grafted wings and sexual glands strikingly confirmed 
the above-stated principle that after the time when the brain has 
already exerted its influence on the whole organism—which influ- 
ence decides the inception of histolytical processes leading to the 
chrysalis stage—the subsequent development and metamorphosis of 
organs is quite independent of the brain. 

The results of my experiments proved that the rate of develop- 
ment of the grafted organs underwent no change due to the in- 
fluence of new surroundings, differing both as to age and physio- 
logical state. These results seem to disagree with analogous re- 
searches of Uhlenhuth (’12, ’13) on amphibians. This author 


grafted eyes of salamander larve on specimens of a different age 
and came to the conclusion that the metamorphosis of the trans- 
planted eyes underwent a distinct retardation when grafted on 
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younger specimens, and an acceleration in the contrary case—#.e., 
the transplanted as well as the own eyes of the foster-mother under- 
went metamorphosis at the same time. But the disagreement of 
these results with the behavior of the transplanted insect organs in 
my investigations is only apparent. The influence of the sur- 
roundings on the grafted eye, observed by Uhlenhuth, was to be 
remarked only when the age of the specimens on which the eyes 
were implanted did not differ much from that of animals whose 
eyes were taken for the operation. In the remaining cases—i.c., 
under the conditions which alone corresponded to my investigations 
on the transplantation of organs from young caterpillars after their 
third or fourth moult to full-grown caterpillars or chrysalids and 
vice versa—the grafted eyes retained their proper developmental 
rate without being influenced by the new surroundings, just like 
the organs of insects transplanted in my experiments. Nor do my 
experiments on insects in any way contradict the experiments of 
Weigl (’13) which were made simultaneously with but independ- 
ently of those of Uhlenhuth. Weigl studied the same problem in 
his investigations on the homo- and heteroplastic transplantation of 
the skin in salamanders and other amphibians. In regard to the 
course of the metamorphosis of the grafted pieces of skin, he comes 
to the same general conclusion as Uhlenhuth. In the experiments 
of Kornfeld (’14) we can also find a parallel to the results I 
observed on insects. This author, who transplanted the gill of 
salamanders, agrees in his final conclusion with Uhlenhuth. Uhlen- 
huth (’13), mentioning my former experiments on the transplanta- 
tion of gonads in moths, imputes to me results completely different 
from those which I really obtained (Kopec, ’11). More recently 
this error has been corrected by Kornfeld in agreement with 
Uhlenhuth. 

In specimens deprived of the brain or of other nervous ganglia 
we often may observe certain mechanical difficulties during pupa- 
tion and emergence of the moth. They are produced by con- 
crescence of the chitin at the place of operation, and cause the 
appearance of certain deformities of chrysalids or of moths. It 
must be distinctly noted that all these deformities, caused only by 
mechanical obstructions during pupation or emergence of the 
moths, are in no wise dependent on the operation itself, nor conse- 
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quently on the removal of separate parts of the nervous system. 
A proof of this is that they also appear—and in the same number 
of cases—in the specimens with intact nervous system used as a 
standard and injured similarly as in the operations on the ganglia. 
Therefore I consider it superfluous to describe these anomalies 
here. 


D. GENERAL CONCLUSIONS AND SUMMARY. 


From the whole of this paper it follows that my results relative 
to the influence of the nervous system on metamorphosis in insects 
show a very great resemblance to the relations observed in am- 
phibians. According to recent investigations (above mentioned), 
iodin stored by the thyroid glands in amphibians is the direct 
cause which elicits metamorphosis, but the production of this sub- 
stance probably depends on the function of the hypophysis. Con- 
sequently in both classes of animals metamorphosis would be con- 
trolled by the brain, or part of it. In recent years experiments 
have been performed on the influence of food containing thyroid 
or hypophysis on the development of the larvz of insects, but the 
results of these researches do not as yet furnish an adequate mate- 
rial for any conclusions. Abderhalden (’19) observed that a part 
of the moths obtained from caterpillars fed on hypophysis was 
very large; many specimens from caterpillars fed on thyroid, on 
the contrary, were very small. These data refer, however, to 
phenomena of growth, and are possibly quite unrelated to the 
problem of the rate of transformation here now discussed. Romeis 
and v. Dobkiewicz (’20) studied the rate of development in larve 
of Calliphora fed on thyroid and obtained no distinct changes which 
might have been attributed exclusively to the specific effect of the 
thyroid gland. As I mentioned above, negative results of feeding 
experiments with hypothetical specific influence ought not to be 
considered as decisive, because it may be inferred from them only 
that the substance used does not exert any effect on the organism 
when given per os. Hankdé (’12), on the other hand, ascer- 
tained a very considerable influence of hypophysis on rate of moults 
in Asellus aquaticus. But, as moults in Crustacea are not to be 
totally identified with moults in insects having complete meta- 
morphosis, these results also have no great importance for our 
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problem. The whole question demands further research in order 
to elucidate whether and in what degree there exists an analogy 
between the physiology of transformation of amphibians and that 
of insects. 

The following summary contains the more important results of 
this paper : 

1. The brain (ganglion supra-cesophageale) of the caterpillar of 
Lymantria dispar L. has particular importance in the general proc- 
esses of metamorphosis. The presence of the brain is indispensa- 
ble, at least up to a certain period, for the inception of histolytical 
processes. The influence of the brain in this direction is probably 
chemical; hence the brain ought to be considered as a gland of 
internal secretion. 

2. At some well-defined time before pupation the quantity of the 
corresponding substance (or substances) secreted by the brain is 
already sufficient for the complete pupation of the caterpillar. 

3. Tissues of the caterpillar influenced by the brain undergo fur- 
ther metamorphosis independently; the germs of the wings of 
caterpillars grafted shortly before pupation on younger caterpillars 
near their last moult are transformed in the larval organism into 
pupal wings in spite of the absence of histolytical processes in the 
new surroundings. Analogical results have been obtained by trans- 
plantation of Malpighian tubes and gonads. 

4. It follows from other experiments on the transplantation of 
organs that the stimulus coming from the brain is not sufficient by 
itself for the metamorphosis of caterpillars: this stimulus acts only 
when the insect organism, having attained a certain stage, is physi- 
ologically prepared to answer to this influence. This is shown by 
the fact that germs of gonads from young caterpillars grafted into 
full-grown caterpillars do not undergo metamorphosis character- 
istic of the pupal development of gonads; in other words, the rate 
of development underwent no acceleration in spite of the histolyti- 
cal processes occurring in the new surroundings. 

5. Other parts of the nervous system have no influence on the 
general processes of metamorphosis. 

6. By making ligatures round the body of the caterpillar and 
cutting it in different places, we may obtain fragments consisting 


of front, middle, or hind segments. The front fragments undergo 
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metamorphosis in a normal manner, provided the caterpillar does 
not die of starvation. On the contrary, the middle and hind frag- 
ments undergo pupation only if they have belonged to caterpillars 
which would have pupated in a few days. 

7. The Malpighian tubes are transformed into tubes of the adult 
insect independently of the intestine and of the performance of 
their specific function. 
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